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EQUAL to 16 YEARS of ORDINARY USE 


This is the record reported by an owner of a Case Model “C” 
Tractor. Here are some of the reasons for this unusual dur- 
ability. The valve-in-head engine is built for heavy service. 
The 3-bearing crankshaft is accurately balanced and drilled 
for pressure lubrication, Oil is forced under pressure to all 
important bearings. Engine, transmission, rear axle and wheel 
bearings are tightly sealed against dust. New oil type air 
cleaner removes every particle of dust before air enters car- 


buretor. All materials are of the highest quality and thor- 
oughly tested. 


Owners of Case Tractors are also experiencing unusual fuel 
economy. One farmer writes: “I have been farming for 22 
years and the Case Tractor is the most economical power in 
every way that I have ever operated.” Simple heat adjustment 
regulates the manifold for the most effective vaporization of 
low or high grade fuels. There are four different models—to 
suit every requirement. All have larger capacity, are faster, 
weigh less and do more work than other tractors in their class. 


J. 1. CASE CO. Racine, Wisconsin 
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AGRICULTURAL ENGINEERING 


KEEPING UP-TO-DATE BY 
KEEPING AN OPEN MIND 


Out in the field at all times are several Hyatt represen= 
tatives whose cards do not read “Sales Engineer.” Their 
job is to see what's new in machine design, production 


methods, and sources of supply. 


They travel everywhere, these metallurgists, production 
and machine design men of ours, getting new ideas on 
efficient manufacturing methods and checking up on our 
raw material requirements. All of which is done, of course, 


to further safeguard the quality of Hyatt Roller Bearings. 


So when Hyatt Sales Engineers call on bearing users, they 
are able to devote their time to constructive application 
engineering. The wisdom of purchasing genuine Hyatt 
bearings is established through the reputation Hyatts 
have earned as a product well designed, quality built and 
dependable in performance. Hyatt Roller Bearing Com- 


pany, Newark, Detroit, Chicago, Pittsburgh, Oakland. 
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The Status of Research on Plowing Problems 
By I. F. Reed’ 


LOWING is a very ancient operation, and it still is 
generally considered the one most fundamental 
in preparing the seedbed for crops. The impor- 


tance of plowing in the economics of agriculture is - 


evident when we consider the amount of power con- 
sumed in it and in the operations thai foilow and are 
dependent upon it for producing a good harvest. An 
estimated 24 to 3 billion horsepower-hours are used 
annually in plowing ficlds, and a large par: of the other 
8% billion dra..bar horsepower-hours used annually 
on farms in the United States is applied in other soil- 
working operations before and after planiing which are 
dependent for their effectiveness upon the quality of 
the plowing. 

The purpose of plowing is to loosen and mix the 
soil, to cover green manure crops and crop debris, and 
to produce a good tilth—-a quality so far measurable 
only in its effect upon the plant growth. The almost 
universal implement for this is the moldboard plow, 
designed to lift, turn, and break up the top layer of 
soil with the least expendiiu.c of energy necessary for 
obtaining the desired results. Through the ages, but 
more especially in the past few decades, the makers of 
plows have achieved a considerable degree of efficiency 
of their product by purely cut-and-try methods of de- 
sign. However, there are yet many conditions to which 
none of the present equipment is suited. No plow has 
been found that will handle effectively and economical- 
ly the tough waxy soils of the Alabama and Mississippi 
black belt, and that lack has resulted in a definite move- 
ment of farmers from those fertile lands to poorer hill 
lands that are more easily worked. There is need also 
for a plow that will scour in the so-called “push” soils 
that are found in many parts of the country. 

The literature pertaining to plows and plowing 
shows that nearly every agricultural experiment station 


‘Paper presented at a meeting of the Power and Machin- 
ery Division of the American Society of Agricultural Engi- 
neers held at The Stevens, Chicago, December 1933. 

*Assistant agricultural engineer, Division of Mechanical 
Squipment, Bureau of Agricultural Engineering, U. S. De- 
partment of Agriculture. 


in the world has devoted some time to the study of 
plowing problems. These studies have varied from 
merely observing the operation of a few plows in the 
field to comprehensive studies designed to find the 
factors affecting plowing and their relations to each 
other. To get the latest possible information on the 
plow and plowing investigations being conducted in 
this country, the Bureau of Agricultural Engineering 
cooperated with the Committee on Soil Preparation 
and Tillage of the American Society of Agricultural 
iingineers in sending a letter of inquiry to each state 
agricultural experiment station. A tabulation of the 
42 replies showed that 17 stations have devoted funds 
to the study of this problem, and a large number of 
the others have not undertaken plowing or tillage 
projects due to lack of funds and personnel. All inves- 
tigators who had plowing projects under way or in 
near prospect expressed the need of a standard pro- 
cedure for making plow tests. 


Outstanding research in plows and plowing and 
in the related fields is being carried on at four state 
agricultural experiment stations, namely, Alabama, 
Ohio, Minnesota, and Mississippi. The work at Ala- 
bama has been almost entirely laboratory studies to 
determine the soil factors affecting soil reactions, to 
find a method of measuring and to study moldboard 
curvatures, to determine the constants of various 
plows, to determine the relations of these constants 
to soil properties, and to determine the effects of and 
the relation between soil and plow constants and pul- 
verization, draft, throw, and other factors. Studies 
are under way also to determine the wear resistance, 
adhesion, and other properties of various metals that 
may be considered for plow bottoms. The studies at 
Ohio and Mississippi consist of draft tests of plows and 
various tillage tools in different soil types and in plots 
differing in fertilizer treatment, crop cover, and pre- 
treatments. The work at the three stations has been car- 
ried on in cooperation with the Bureau of Agricultural 
Engineering. The aim at the Minnesota station is to 
establish a method of determining accurately the pul- 
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Research work in plowing is 
being carried on by agricul- 
tural engineers in _ several 
state agricultural experiment 
stations, one of the main ob- 
jectives of which is to elim- 
inate guess work from plow 
design, by basing such design 
on definite specifications of 
the various soil types and con- 
dition in which the plows are 
to be used. The engineers aim 
at uniformity of method in 
plow studies, so that results 
can be correlated to determine 
more quickly and effectively 
the basic relations between 
soil constants and plow char- 
acteristics 


verization of the furrow slice and then to correlate 
this with size and type of bottoms for several soils and 
soil conditions. Draft data are being obtained, and an 
attempt will be made to correlate draft with size and 
type of bottoms, rate of travel, and soil type. ‘The work 
at other stations carrying on plow studies consists 
essentially of isolated draft tests with little or no con- 
tinuity. Soil-moisture determinations were made in 
some cases, but for the most part no attempt was made 
to measure any soil factors. 

In response to the above-mentioned requests, and 
to help tie together the work of their various projects, 
the Bureau of Agricultural Engineering in cooperation 
with the Ohio Agricultural Experiment Station formu- 
lated a “Procedure for Making Draft Tests of Plows,” 
which may be obtained in mimeographed form on 
request to the Bureau. This procedure outlines the 
records and measurements to be made in making stud- 
ies of plows and other tillage implements. It contains 
a suggested form for data sheets, directions for making 
square-yard root harvests of legumes, description of a 
soil-sampling tube, and drawings to show the construc- 
tion of a recommended furrow gage. 

Though state and federal agricultural experiment 
stations have carried on many studies of plows and 
other tillage equipment, farm-machinery manufacturers 
have done the major part of the plow experimental 
work in this country. The results of their studies have 
been made available to farmers in the form of better 
equipment and some very commendable bulletins on 
the subject published by several companies. 

The United States does not have a monopoly on the 
plowing problems of the world, or on the investigations 
being carried on to solve them. Probably the one sta- 
tion of which we hear most in this field is the Rotham- 
sted Experimental Station in England. They have made 
comprehensive studies to determine the effects of vari- 
ous soil factors and conditions on the draft of plows, 
and have advanced the practice of making isodyne 
maps of experimental plots to show the relative draft 
for various parts of the field. Dr. George Kuehne, of 
the Institute for Agricultural Machinery at Muenchen, 
Germany, has carried on tillage studies under con- 
trolled plot conditions, studies of soil physical proper- 
ties, and studies on the comparative wear resistance of 
materials for plow bottoms. Other workers and sta- 
tions in foreign countries, with whom contact has been 
made by workers in this country, are Prof. Carlo San- 
tini, of the Higher Institution of Agriculture, Portici., 
Italy; Mr. Sakae Tsunematsu, of the Hokkaido Imperial 
University, Sapporo, Japan; Prof. Ing. Berlo Nerlo, of 
the R. Sevola Di Ingegneria Di Pisa, Pisa, Italy; Mr. 
Rachel Jeneriog, of the Phytotechnic Station Gironde, 
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France; the Institute of Agricultural Engineering, at 
St. Giles, Oxford, England; Mr. S. V. Kamenetsky, of 
the Machinery Testing Department, North Caucasian 
Agricultural Experiment Station, and several other in- 
vestigators at various places in the Union of Socialis- 
tic Soviet Republics. The same general statements 
made concerning the work being carried on in this 
country are applicable to the work of foreign investi- 
gators. That is, at most of the stations isolated inves- 
tigations are being carried on to determine the effects 
and relationships of a few factors under specific con- 
ditions, while in only a few instances are the investi- 
gations based upon the larger phase—the relations be- 
tween soil, plow-bottom shape and material, and opera- 
tion factors. 

The general object of the studies in plowing has 
been to determine the effects (on quality of work and 
on draft) of type and condition of plow bottom; kind 
of attachment, such as coulters or trash guides; adjust- 
ment of the hitch; speed of travel; power source; char- 
acter of soil, and crop cover and fertilizer. The prob- 
lems of adjustment of the available plowing equipment 
for most conditions are amply handled in instruction 
books, agricultural-engineering textbooks, and publica- 
tions by Ashby and Glaves (4)*, Reed and Silver (23), 
and farm machinery manufacturers (5, 27, 28, 29). 
These publications explain the standard correct ad- 
justments for various types of plows, and give also the 
procedure for varying these adjustments to get the best 
results possible under adverse conditions encountered 
in many fields. These publications give also the latest 
published information on adjustments and attachments 
necessary for covering green manure crops and surface 
trash in plowing. However, the U.S.D.A. Bureau of 
Agricultural Engineering has developed a floating trash 
guide and self-angling disk jointers which greatly aid 
in obtaining clean coverage, and public patents have 
been obtained on part of this equipment. Further 
experiments are in progress. 

In nearly all studies of factors affecting the opera- 
tion of plows, except those dealing strictly with cover- 
age, draft has been used as the yardstick of compari- 
son. The quality of work done was observed, but as 
there is no basis for measuring it the observers could 
only make comparative statements concerning the work 
done by different set-ups. Even in coverage studies, 
draft was measured in many instances, to determine 
the correlation between the power required to handle 
various plowing equipment and the quality of work 
done as measured by percentage of debris covered. 


sNumbers in parenthesis refer to the bibliography at the 
end of this paper. 
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These studies showed that usually the plow shapes 
producing the best coverage required the highest draft. 
It was not generally true, however, that poorest cov- 
erage was obtained with the shapes requiring least draft. 

The conclusions drawn from draft tests made at 
various stations and under different conditions have 
often seemed contradictory. For instance, Keene (13) 
states that “the draft of a plough is affected very little 
by the speed of plowing,” that “draught.is proportional 
to the depth of ploughing within the normal range of 
cultivation,” and that “changes in the setting of the 
plough or hitch, although affecting the character of the 
work, have little effect on the draught, except in so far 
as the depth of ploughing is affected.” He gives data 
showing that the draft increased only from 322 to 336 lb 
when the speed was increased from 1% to 3% mph 
(miles per hour). The conditions under which the 
above data were obtained are not clearly defined, so 
these results cannot be compared with those of tests 
made in this country. Davidson and Collins (11) re- 
ported that under the conditions of their tests, increas- 
ing the speed of plowing from 2 to 4 mph increased the 
draft 16 to 25 percent, and that an increase of speed 
produced about the same increase in draft with any 
type of plow bottom. Ashby, Reed, and Glaves (3) re- 
ported that increasing the speed from 2% to 3% mph, 
other conditions being unchanged, increased the aver- 
age draft of a group of 12 to 18-in plows 8.6 per cent, 
and the average draft of the 14-in plows of this group 
10.6 percent. These tests all show results obtained 
under specific conditions. 


RELATION BETWEEN DRAFT AND SPEED 
EXPRESSED BY A FORMULA 


Later tests by the Bureau of Agricultural Engineer- 
ing, reported in part by Ashby, Reed, and Glaves (3) 
show that the relation between draft and speed of 
plowing may be expressed by the formula 

y=a+be2 

in which y is draft in pounds per square inch of fur- 
row-slice cross section, x is speed in miles per hour, 
and a and b are constants depending upon type and 
condition of soil, type of plow bottom, and packing of 
soil by tractive power unit. It was found that both a 
and b increased with the hardness of soil whether it 
was due to soil type, low moisture content, or packing 
by the power unit. The slope of the curves showing 
increase in draft with increase in speed was steeper, 
for each type of bottom, when the plow was pulled 
by a cable than when pulled by a tractor which would 
necessarily pack part of the furrow slice. This is ex- 
plained by the fact that at the higher speeds the lugs 
on the tractor wheel prevent it packing as much as 
at the lower speeds. The value of a was higher, how- 
ever, when the plow was pulled by the tractor in- 
stead of the cable. Further study may show the cor- 
relation between the values of a and b and the moisture 
content of the soil, Atterberg plasticity constants, type 
of plow bottom, material of plow mold, and packing 
effect of tractive unit. 

Keene’s (13) statement that changes in the setting 
of the plow. or hitch have little effect on the draft, 
except in so far as the depth of plowing is affected, 
should hold true for some plows, and especially for 
walking plows. However, tests by the Bureau of Agri- 
cultural Engineering indicate that for minimum draft 
with tractor plows working under average soil condi- 
tions, the hitch should be as high on the tractor and 
as low on the front of the plow as possible, and still 
have the plow maintain the desired depth. In tests at 
Iowa State College, location of the hitch point horizon- 
tally had little effect upon the draft of a plow within 
the range studied. Tests by Collins (9) and by Reed 
(unpublished) agreed with those of Keene (13) in that 
the draft was proportional to the depth of plowing. 
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Ashby, Reed, and Glaves (3), however, in plowing dry 
ground in the fall found that increasing the depth 
from 6 in to 8 in increased the draft only 14 to 16 per 
cent. 

The effect of shape of bottoms upon the draft of 
plows has been studied at different stations, but only 
indicative results have been obtained. The influence 
of shape seems to be slight, and is often less than the 
variation between tests made with the same bottom. 
Indications are that the bottoms having the steeper 
moldboards—that is, of the stubble type—have the 
heavier draft. 

Tests to determine the draft of various plow attach- 
ments have been conducted by the Bureau of Agricul- 
tural Engineering, but the results have not been com- 
pleted from the data procured. 


DRAFT OF PLOWS AS AFFECTED BY 
Crops, FERTILIZERS, ETC. 


The effects of crop cover, fertilizer, lime, and ma- 
nure on the draft of plows have been studied by the 
Ohio, Missouri, and Rothamsted stations, and by the 
Bureau of Agricultural Engineering. These studies 
show little or no measurable effect due to ordinary 
application of lime, fertilizer, or manure, but show a 
marked effect of crop cover. Oat stubble with no cover 
crop plowed easiest. Red, alsike, and mammoth clover 
sods required only slightly more draft than the oat 
stubble, but, in Ohio, for alfalfa sod approximately 
50 percent more draft was required than for the oat 
stubble. In other tests, the draft required for plowing 
corn stubble was approximately the same as for alfalfa 
sod. These results are for only one series of tests on 
one soil type, so are only indicative. 

Basic work on the relation between soil and plow- 
bottom constants is being carried on at several experi- 
ment stations. Some of the difficulties to be overcome 
are the non-scouring qualities of certain soils, the 
tenacious or cohesive quality of the heavy waxy soils, 
and the heavy draft requirements of many other soils. 
The formulated procedure for making draft tests of 
plows, previously mentioned, should be instrumental 
in obtaining uniformity of method in carrying on fu- 
ture plow studies, so that the results can be correlated 
in order to more quickly and effectively determine the 
basic relations between soil constants and plow char- 
acteristics. It is believed that future progress will be 
rapid in eliminating guess work from plow design and 
making it possible to obtain proper plowing equipment 
from specification of the soil type and condition in 
which the equipment is to be used. 
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A Farm Tillage Machinery Laboratory 
By R. B. Gray’ 


HE plans for a seed-bed-preparation and tillage- 

machinery laboratory soon to be built at Auburn, 

Alabama, under the public works program of the 
federal government, will be of interest to agricultural 
engineers in general. , 


This laboratory, which with its accessories will cost 
approximately $110,000, is intended to more completely 
equip the present investigation dealing with cotton- 
production machinery conducted cooperatively by the 
U.S.D.A. Bureau of Agricultural Engineering and the 
agricultural-engineering section of the Alabama Agri- 
cultural Experiment Station. In this laboratory oppor- 
tunity will be afforded to: 


1 Determine the relation of different plow designs 
to the draft requirement and to the effect upon furrow 
slice in throw, inversion, pulverization, and coverage 
at different speeds and depths of plowing, in soils 
varying progressively in their constants of classifica- 
tion. 


2 Secure analogous data, as under 1, on other til- 
lage machinery—harrows, drags, rollers, cultivators, 
etc. 


3 Study of physical effects produced upon the soil 
by different methods of tillage. 


4 Study changes in tilth as affected by moisture 
and other natural agencies, in order to determine what 
is the minimum soil manipulation necessary to obtain 
the maximum beneficial effect upon. plant growth. 


5 Obtain accurate measurements of the force com- 
ponents exerted by a machine, the resulting effects 
produced upon the soil, and other basic information 
helpful in the design of machines, with special refer- 
ence to ruggedness of equipment for use in black belt 
or equivalent soils. 


6 Determine the wearing qualities of various 
metals and alloys that may be used for tillage equip- 
ment. 


7 Study different methods of planting cotton under 
controlled physical conditions of the soil, so as to 
determine the method that will produce most favorable 


Chief, division of mechanical equipment, Bureau of Agri- 
cultural Engineering, U. S. Department of Agriculture. 
Mem. A.S.A.E. 


conditions for germination and growth in wet and in 
dry planting seasons. 

8 Determine the actual effect on the tighter soils 
of tractor wheels and other equipment. 

The plans call for nine so-called soil bins or plots 
with tight bottoms, 20 ft wide by 250 ft long, adequate- 
ly drained, each to contain a two-foot depth of soil 
taken from the working depth of a representative soil 
area in the southeastern states. The soils will range 
from sand to tight clay. (This, by the way, will re- 
quire some 90 carloads of soil.) There will be also a 
two-story building to house field equipment, a general 
shop, and an indoor laboratory. 

The plots are to be separated by concrete walls a 
few inches higher than the plot levels. On each wall 
will be mounted a steel rail, to enable the various car 
units to travel astride the several plots. These units 
will include a power car, an instrument car, a utility 
_ and plot-cover cars, which will have a tread of 

A 

The power car, to be equipped with a 100-hp gaso- 
line engine, will pull the tool under test at speeds up 
to 8mph, and will carry a recording dynamometer. 
A light hoist for shifting the equipment under test as 
necessary will also be mounted on this car. The instru- 
ment car is to contain instruments for measuring the 
components of the forces acting upon the working 
surfaces of tillage equipment. The utility car is to be 
fitted with means for preparing the plots for test, such 
as by leveling, compacting, and sprinkling. The cover 
cars are to protect the plots in preparation for test 
against sun, wind, and rain. These cars will be 21 ft 
wide by 25 ft long, thereby requiring ten per plot. 
Three sets, or thirty cars, are contemplated so that 
three plots can be covered at one time. Traversing one 
end of the plots will be tracks for a dolly car to trans- 
fer the various cars from plot to plot and to carry the 
operating equipment into the storehouse. 

Because of the opportunity to be afforded for bring- 
ing together a wide range of soil types under controlled 
conditions, for experimentation with the same equip- 
ment and by the same personnel, it is felt that this 
laboratory will speed up the investigations and effect 
considerable economy in obtaining the information 
sought. 
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Problems of Plow Bottom Manufacture 
By J. P. Seaholm’ 


“ °He SUBJEUYL assigned to this paper, in its strictest 
| sense, WouluU ve coulined pure:y to Manufacturing 
and shop proviems. Because, uowever, these prov- 
leis IN Manulaccture have such a direcc Dearing ou the 
character and quality of work that is done in the field, 
the subject has been broadened and the liberiy taken 
to include results obtained in the actual field perform- 
ance of the plow. In other words, this paper is not so 
much concerned with the technical phases of the 
manufacturing problems as it is with their practical 
application in terms of results in field performance and 
utility of the implement. 

‘ihe program committee has used consideravie 
forethought in assigning this subject to one engaged 
in engineering rather than manutac.uring, because 
it permits a tree criticism of some engineering prac- 
uces,—which coniribute in a large lueasure to shop 
propiems,—and which could not gracefully be men- 
tioned by a factory man in this meeting of engineers. 


PROBLEM No. 1. FABRICATION OF PARTS TO INSURE 
CorRECT ASSEMBLY WITHIN SPECIFIED LIMITS 


‘the manufacturing problems under this heading 
are of the greatest magnitude of all the problems that 
are presented in this paper. The blame for a large 
part of such problems may rightfully be placed on 
the engineering department, in that the designer may 
have designed the parts so that the production parts 
must be almost exactly the same as the pattern in order 
to assemble the parts. 

I have seen many instances of this, wherein the 
engineer could have designed the parts to give the 
fabricating department a liberal variation from the 
patterns without sacrificing anything in the usefulness 
of the implement, and then when the shop has trouble 
in assembling the paris, and the engineer is consulted, 
his inclination may be to defend the job of designing 
he has done and his answer to the shop is, “if the 
parts were made like the pattern, there would be no 
trouble in assembling.” This answer may be literally 
correct. However, such an answer does not solve the 
problem, and, further, the engineering department 
may establish limits of variation, to which the shop 
must work, that are unnecessarily close. For example, 
I cite one case where the limit of variation in a plow 
bottom, in what is known as throat clearance in a 
share, was placed at 1/32 in—also 1/32 in in variation 
in what is known as suck and land in share, and 1/8 in 
in height and in land of front end of a walking plow 
beam. Such close limits of variation from the pattern 
greatly increase the problems of manufacture, and are 
of no value to the performance of the implement, and 
are hol 14 Keeping with a mig, rough tool that is to ao 
a big, rough job. 

In this particular case, the plow would have per- 
formed just as well with a variation of several times 
the amount of variaiion allowed, if such variation lim- 
its were intelligently given from some fixed point 
of course. 1 am caretul to add that this statement must 
not be interpreted to infer that limits can be neglected, 
because ithe manufacturer appreciates the necessity 
for careful attention to details on all those things that 
will add to the performance of an implement. It is not 


‘Paper presented at a meeting of the Power and Machin- 
ery Division of the American Society of Agricultural Engi- 
neers held at Chicago, December 1933. 


*Experimental engineer, Minneapolis-Moline Power Im- 
plement Company. 


my intention to advise neglecting anything about an 
implement that will injure its performance. On the 
contrary, I am strong for doing the things that are of 
importance to good performance and that will give 
the farmer full value for his money. 


PROBLEM No. 2. UNIFORMITY OF CURVATURE OF 
PLow BorroM SURFACES 


I believe it can be safely said that no practical 
method in plow building has yet been devised that 
would entirely overcome the warping distortions of 
shares, moldboards, and frogs in the various heat, 
bending, and hardening operations through which 
they must pass. ‘There are no two moldboards, shares, 
or frogs that are exactly alike that have passed through 
the same forming dies. This unavoidable small vari- 
ation in shape, however, gives litile or no woubie in 
field performance, but it does create some shop prob- 
lems in the assembling and finishing operations. Mold- 
boards and shares will sometimes warp from the heat 
generated by grinding and polishing, and when this 
warping occurs on the moldboard line that fits against 
the share line, and grinding and polishing is continued 
on this line in an effort to make the two surfaces level 
with each other, too much of the hard material may be 
removed, and this may result in an inferior plow in 
field performance. 


PROBLEM 3. AVOIDING REMOVAL OF THE PLOW-FACE HARD 
MATERIAL IN GRINDING AND POLISHING OPERATIONS 


It is very important that too much of the compara- 
tively thin, hard face of the moldboard and share is 
not removed in the grinding and polishing operations. 
To guard against this, it is therefore imperative thai 
scaling of the material be avoided as far as possible 
in the heating operation, and forming dies must be 
kept free from loose scale to prevent driving scale into 
the metal, resulting in small depressions which neces- 
sitate grinding away the surrounding face surface to 
reach the bottom of the depression with the grinding 
wheel. It is far better to leave any minute spots in 
the plow bottom face than to remove them by grinding 
and polishing. A few such minute spots will in no way 
interfere with the plow’s performance, but the life 
of the bottom may be greatly shortened by removing 
hard material around such spots in an effort to grind 
them out. To remove any such harmless defects mere- 
ly to make the plow more pleasing to the eye does not 
seem to be of any benefit to any one. It is not to the 
best interest of the farmer to reject plows that have 
defects that are only superficial, because such rejects 
only add to the cost of manufacture which the farmer 
must ultimately pay for in higher prices. 


PROBLEM No. 4. THE INTERCHANGEABILITY OF 
PLow Borrom Parts 


To insure interchangeability of the plow bottom 
parts and to get the repair parts to fit well enough to 
perform the function they are intended for requires, 
first, that the patterns are correct, that the tools for 
fabricating the parts are made to the patterns, and then 
to frequently check the tools to take care of wear or 
any change that may take place due to use of the tools. 
Gaging from the proper points on each part for locat- 
ing holes, trimming, ete., is important. The fact is, 
however, that we are not satisfied with the interchange- 
ability of plow bottom parts and will not be until each 
part can be fabricated with such uniformity that all 
parts can be assembled into a satisfactory plow bottom 
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without any fitting of any kind in the assembling opera- 
tion. Until this is done, we cannot claim entirely satis- 
factory interchangeability. The plow bottom assem- 
blers now do some fitting in assembling a plow bottom. 


Pros_eM No. 5. WELDING Low-CaRBON SHARE LANDSIDE 
To HigH-CARBON SHARE BLADE 


Welding the low-carbon landside material to the 
high-carbon share blade material is in itself a greater 
problem than welding two pieces of low-carbon steel. 
The share blade is comparatively thin and will quickly 
lose its welding heat. Since it is not practical to heat 
this high-carbon steel much beyond the temperature 
necessary for welding, it is evident that the weld must 
be made quickly after the parts are taken out of the 
fire and placed into welding dies. The parts to be 
welded must be so shaped and the amount of material 
proportioned so that the first blow of the welding force 
will make the weld. If it requires the second or third 
blow to bring all the surfaces together that are to be 
welded, it is very likely that the parts will have lost 
the heat necessary for a good weld. The parts will 
quickly lose heat when they are driven in to fit and 
have a good contact with the welding dies. The weld- 
ing dies have a rapid cooling effect on the parts to be 
welded, especially when welding is started in a cold die. 


PrRoBLEM 6. PROPER DISTRIBUTION OF METAL 
IN THE POINT 


Proper distribution of metal in the point of the 
share is important to get a good wearing and strong 
point. To get a proper distribution of metal, a sufficient 
amount of the low-carbon landside material must be 
placed between the hardened material on top and 
under the point to give the point good strength. The 
brunt of the wear on a share is on the point, on the 
extreme front part and sides. The soft or low-carbon 
landside steel should not run out to the edge at the 
point, but should end about % in back from the cut- 
ting edge of the point. The top side of the point is 
reinforced for wear by a high-carbon plate or shin 
welded to the point of the share blade. A similar high- 
carbon shin is welded to the under side of the share 
landside point for wear, thus forming a soft-center 
share point with hardened steel top and bottom several 
times as thick as the hardened portions of the share 
and moldboard material, and with a tough fibrous 
center to withstand shocks against breakage. 


PROBLEM 7. WELDING THE SHIN PIECE TO THE MOLD- 
BOARD OF THE PLow 


This welding is done on the face side of the mold- 
board. Therefore, it is important that it be done to 
leave a smooth and flush connection between the shin 
piece and the face of the moldboard to guard against 
the necessity of removing too much of the hard ma- 
terial in the face of the moldboard in the polishing 
operations. The entire surface of the shin piece must 
be thoroughly welded so that the two parts will be a 
solid mass. If any part of the shin is not welded thor- 
oughly to the moldboard, then that part may take on 
a heat in the grinding and polishing operations much 
higher than the surrounding surface and because of 
the unequal expansion and contraction, due to varying 
temperatures, cracks and soft spots may occur in the 
shin piece. 


PROBLEM 8. AVOIDANCE OF SoFT Spots IN THE FACE 
OF THE MOLDBOARD AND SHARE 


Soft spots may be caused by a number of high heat- 
ings, by scale on the metal at the time of quenching 
in the hardening operation, or by anything that will 
prevent the salt brine or cooling agency coming in 
proper contact with the metal. All manufacturers of 
soft-center steel plow bottoms are making every effort 
to produce plows that are entirely free from soft spots, 
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and that is of course what they should do. However, 
if a few small soft spots do appear on a plow bottom, 
I do not believe that the damage to the plow (which 
amounts practically to nothing) would warrant reject- 
ing such a bottom and incurring the loss of the mold- 
board or share. 

To substantiate the opinion and statement that the 
harm in a few small soft spots is practically nothing, 
it is only necessary to recall that the plow bolt heads 
in the face of the plow bottom are of comparatively 
soft material, and in my experience I have never found 
an instance where they have caused any trouble in 
either scouring or wear. Several bolt heads may be 
added to the face of a plow bottom without causing 
any alarm to either manufacturer or user from the 
standpoint of the plow’s performance. Hence, an equal 
number and size of soft spots should not be cause for 
rejection of a plow bottom. 

It may be of interest in an elaboration of this state- 
ment to describe an experiment conducted in an effort 
to produce a plow bottom of superior scouring or shed- 
ding quality. The experiment was carried out on the 
logical theory that by reducing the area of surface on 
the moldboard, which contacted the soil, and thus 
increasing the pressure of the soil against the remain- 
ing surface, such increased pressure would serve to 
prevent soil sticking to the surface of the moldboard. 
(What is known as slat bottoms were built on this 
theory). The soil contact surface of this experimental 
moldboard was reduced by punching one hundred % in 
diameter holes distributed over most of the area of the 
moldboard. The soil that this moldboard was tried in 
did not drop through the holes, but rather bridged 
across the holes and the experiment showed a sub- 
stantial improvement over the same brand of mold- 
board without holes. This experiment tried out in a 
different soil condition proved a failure in scouring 
due to roots clinging to the edges of the holes which 
resulted in the surface of the moldboard becoming 
almost entirely covered with roots. 

The next experiment was to fill all of these holes 
with soft rivet material to prevent roots from catching 
and clinging to the moldboard and still get the benefit 
of the reduced moldboard surface. Because of the 
factory polishing operations and the action of the soil 
on this soft material when the plow was used in the 
ground, these surfaces were worn down below the 
surface of the face of the moldboard to such an extent 
that the soil would barely come in contact with these 
soft spots. This resulted in an increased pressure on 
the surfaces that the soil did touch on the moldboard 
proper and produced a marked improvement in scour- 
ing. This experiment proved, in my opinion, that soft 
spots, small enough to permit soil bridging across them 
on either a share or a moldboard, does not necessarily 
mean scouring trouble would be had with such a plow. 


PROBLEM No. 9. HARDNESS OF SoFTt-CENTER STEEL 
FOR Goop ScouRING QUALITIES 


To get good scouring qualities, the hardness should 
not be below 59 Rockwell C or 600 Brinnell. Any in- 
crease of hardness above this figure would increase the 
wearing quality but not the scouring quality to any 
appreciable extent. In some soils, such as Texas black- 
land, the degree of hardness of the moldboard and 
share does not seem to be a factor in scouring, at least 
so when that soil is in the usual state of moisture con- 
tent. 

A good highly polished surface on the face of the 
plow bottom is absolutely essential to good scouring. 
One of the problems that affects the scouring quality 
of new plows that appears impractical for the shop to 
overcome is the difference in the fineness of polish of 
the finishing polish operation. The first bottom that is 
polished with a resurfaced polishing wheel will have 


(Continued on page 13) 
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The Dynamic Properties of Soil 


V. Dynamics of Soil on Plow Moldboard Surfaces 
Related to Scouring 


By Ralph D. Doner’ 


N A previous paper of this series‘ a method of measur- 
ing and describing plow moldboard surfaces was 
set forth. The method of measuring these surfaces 

consisted essentially of determining the rotation of an 
are of a circle around a fixed point which moved at 
the same rate as the plow in a line running through the 
tip of the wing or immediately above it. The surfaces 
were described by parametric equations stating the 
relationships of the angles of the chord to time or plow 
travel. The surface was then expressed in a form of 
polar coordinates as the distance between the center of 
rotation and any point on the arc could be determined. 
The rotation of the vertical plane containing the chord 
and arc, as measured on a horizontal quadrant at the 
center of rotation, was designated as the ¢ measure- 
ment, and the rotation in this plane as the @ measure- 
ment. The equations had the general form: @ or ¢ = 
ae’t, This method of measuring was found applicable 
to all plows available. It permitted the detection of 
minor inperfections in the moldboard by showing 
where the are would not fit. The formulas for different 
plows obtained by this means showed that the pulveri- 
zation and turning of the furrow were produced by 
exponential curves tending to give uniform pulveriza- 
tion pressure; and, consequently, in this respect uni- 
form moldboard pressure. Further research has shown, 
however, that other force reactions occur on this type 
of surface and must be considered in design. 


In order to select or design plows for different soils 
and to determine their effect in pulverization and in- 
version, it is necessary to determine the relationship 
between moldboard shape and soil properties. At first 
it was thought that this information would be indicated 
by studies of the relationship of the radii of arcs and 
the parametric equations describing the surfaces to 
the particular types of soil to which the plows were 
known to be adapted. Mathematical studies of these 
relationships were attempted but abandoned since the 
only methods of study which could be found were ex- 


1Paper presented at a meeting of the Power and Machin- 
ery Division of the A.S.A.E. held at Chicago, December 1933. 
This is the fifth paper of a series setting forth the results of 
original research work on the dynamic properties of soils at 
the Alabama Agricultural Experiment Station. Parts I, II, 
III, and IV were published in the July 1931, August 1931, 
August 1932, and November 1932 issues of AGRICULTURAL 
ENGINEERING, respectively. Published by permission of the 
Director of the Alabama Agricultural Experiment Station. 


Professor of mathematics, Alabama Polytechnic Insti- 
tute. 


*Professor of agricultural engineering, Alabama Poly- 
technic Institute. Mem. A.S.A.E. 


*Nichols, M. L. and Kummer, T. H. (Part IV of this ser- 
ies.) A Method of Analysis of Plow Moldboard Design Based 
Upon Dynamic Properties of Soil. AGRICULTURAL ENGINEERING, 
the journal of the American Society of Agricultural Engi- 
neers, vol. 13, no. 1, November 1932. 


*"Nichols, M. L. (Part II of this series.) Soil and Metal 


Friction, AGRICULTURAL ENGINEERING, vol. 12, no. 8, August 
1931. 


*Ashby, W. Progress Report on Plow Investigations for 
Corn Borer Control, U. S. Department of Agriculture. 


™Kamentsky, S. V. Report of Tests of Single-Bottom, 


Horse-Drawn Plows Manufactured by Soviet Factories Bul- 
letin 1929. 


and M. L. Nichols’ 


ceedingly difficult and tedious due to the large number 
of variables involved. It also appeared, since direct 
field testing of known shapes on soils having con- 
trolled or known properties would be necessary in any 
case, that these relationships could be determined more 
easily from a combination of test data and mathemati- 
cal studies than from the latter alone. 

It was decided that sufficient information about soil 
properties and physical reactions and implement shape 
had been obtained to enable intelligent field testing. 
This decision suggested that the work be directed 
towards the solution of two very important and speci- 
fic plow problems: first, that of the selection or devel- 
opment of plows which would scour or at least shed 
the sticky “push” soils common to many sections of 
the Southeast; and, second, the selection or develop- 
ment of plows which would turn the heavy waxy soils 
of the Black Belt of Alabama and Mississippi. The lat- 
ter is an important step in the soil management of 
these heavy soils and is part of a more extensive 
program of research in which several agencies are 
cooperating. 

This paper deals with a solution of the first of 
these problems and suggests a remedy for adhesion 
or scouring troubles as far as shape of moldboard is 
concerned. Moldboard shape is, of course, only part 
of the problem, for it will be evident, from the mathe- 
matical equations presented later in this paper, that 
c-phase friction® is of greatest importance in this con- 
nection. Low friction values involve metals having 
low adhesive properties, a study of which is at present 
under way. Fortunately it was found that plow bot- 
toms already on the market possessed, to a certain 
degree at least, the shape which mathematical studies 
showed was called for in scouring. These were tested 
in the field and found to be far superior to any other 
shapes available to the authors. The limits of curva- 
ture permissible under different soil conditions and 
the pari various metals play must be shown by further 
field trials. 

The sticking of soil to a plow surface, obviously, 
depends upon the relationship between forces holding 
the soil on the surface and the forces tending to push 
it off. This involves the forces acting along the path of 
travel of soil on the moldboard. 

Many writers on plows discuss the path of a parti- 
cle over the surface as though it were a rather fixed 
and definite feature. In reality it is variable, depen- 
dent upon the dynamic properties of the soil and speed 
as well as upon the shape of the plow itself. Field 
observation clearly showed that the path depended 
upon speed and the soil’s resistance to bending or 
shearing. This accounts, in part at least, for the fact 
that some plows scour at one speed and not at another. 

It is evident that at the ordinary sneeds of plowing 
the movement of soil on the moldboard is due to 
resistance of the soil ahead of the plow. If there were 
no soil resistance ahead the soil would be merely car- 
ried on the surface without movement. The average 
speed of the movement of the soil across the plow sur- 
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face would be expected to be approximately that of 
the plow and the same as that which would occur if 
the plow were stationary and the furrow slice pushed 
over its surface. Moreover, if the average speed were 
slower than the plow travel, the soil would accumulate 
on the plow, and if faster, the slice would be forced 
to thin out resulting in some dimensional change. 
With the exception of a change in apparent volume 
due to pulverization, there is no evidence of any 
appreciable dimensional change of a furrow slice on 
a properly functioning plow. There are, of course, 
changes in direction and directional accelerations. 
This means that the throw of a plow depends largely 
upon the direction of release as has been indicated by 
Ashby® and Kamentsky’. 


MATHEMATICAL ANALYSIS OF REACTION ALONG 
THE PATH OF TRAVEL 


Since a plow can do work on_a furrow slice only 
by exerting pressure at the surface of contact, it seemed 
desirable to subject to mathematical analysis the forces 
applied as the soil moves along its path on the mold- 
board. This analysis follows. : 

Let Fn (Fig. 1) be the force per unit area exerted by 
the soil normal to the moldboard surface at any point 
on any path, and F: the total force tangent to the sur- 
face in the direction of soil travel at the same point. 
Any force perpendicular to these two, being inactive, 
may be neglected in this analysis. Let s denote the 
distance, measured along the path to be traveled on 
the moldboard surface, from the wing of the mold- 
board (the obvious zero for these forces) to the above 
mentioned point. Let K, defined as the reciprocal of 
the radius of curvature, be the curvature of the path 
of soil travel. Notice that s and K are measured in 
such a manner that the amount of “twist” in the mold- 
board surface does not appear explicitly in the analy- 
sis, but is implied in the path itself. Since K varies 
along the path it is a function of s, say, K=f(s). As 
in a previous paper’, uv’ is the coefficient of kinetic 
friction. 

The main problem is to formulate the relationships 
between the soil’s properties and the characteristics of 
the plow surface. 

There are three principal factors that contribute to 
the force Fa: 

1 The weight of the soil 
2 The inertia of soil to acceleration, and 
3 The buckling effect of the tangential force Ft. 


Weight of the Soil. Consider a unit area (A) on 
the moldboard surface (Fig.2) at a general point s 
along any particular path of soil travel. Let « be the 
angle between the normal to this unit area and the 


Fig.1 Sketch showing location of path and direc- 
tions of measurements, and cross section of mold- 
board showing normal and tangential forces 
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vertical, h the thickness of the furrow slice, and d the 
soil density. The area of the horizontal cross section 
of the vertical column of soil above A is A cosa. The 
height of this column is h/cose. Hence, the volume 
(V) is 


Vv =A ¢0s'¢. —_— = AR 
cos a 


The weight (W) is Ahd, and its component normal to 
the surface is 


W.= Ahd cosa 


Hence, Wn decreases as the point moves toward s = 0. 
However, as the soil moves toward the wing of the 
moldboard, there is an increasing “push over’* in- 
volved, especially in the lower part of this area. This 
force varies with the speed of travel, depth of plowing, 
and the condition of the soil. On the average it prob- 
ably compensates for the decreasing normal component 
of gravity. 

Inertia of Soil. Since there is practically no accel- 
eration of the soil along the path of travel, most of the 
accelerating forces supplied by the moldboard surface 
must be in the direction of the normal. Hence, the 
accelerating force is essentially a centripetal force 
overcoming the centrifugal force of the soil. The latter 
is m v’/r where m is mass, v is velocity, and r is radius 
of curvature. Since K is the reciprocal of r, it follows 
that the accelerating force is directly proportional to 
curvature. It is, obviously, small compared with 
weight. 

The sum of the gravitational and accelerating forces 
is designated by P (pressure per unit area) and as 
shown in a previous paper of this series*, is practically 
a constant. 


The Buckling Effect. Consider a strip of unit width 
along the path of soil travel. At any distance s from 
the wing there is a tangential force Ft and a normal 
force Fn. At a point ds further from the wing, F: has 
increased by the amount dF: and Fn by dFn. The direc- 
tion of the normal to the surface has changed due to 
curvature by an angle da’ (the projection of da on the 
plane of r and Ft). Then as shown in Fig. 3, Ft has a 
buckling effect or component in this new direction, 
F.da’ (sin da’ = da’ radians for small angles). In radian 
measure da’ = ds/r, hence 


da! 1 
ds r 


Fig. 2 Diagram of section of furrow slice and mold- 
board along path of soil travel, showing weight 
distribution 
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da’ 


Fida’ = F: ds = F: Kds = F. f(s) ds 


ds 
Total Force Reactions. The normal components of 
the weight and accelerating forces on this area of unit 
width and length ds have a value P X1Xds. Adding 


this to the buckling force gives the total normal force 
on this element of area, that is, 


See CAINE eee [4] 
The increment to Ft caused by the element of area is 
dF. = w'Fa (LX ds) = w'dFa 


Consequently, from Equation 4, 


ree et ay rt) ea [5] 
This may be written 
dF 
———# f(s) kk=e' P 
ds 


which is the standard form of a linear differential 


equation (see any text on differential equations) whose 
formal solution is 


Fe = ef Stas (f « Peer: Gea’ ) ae [6] 


which holds even in the case where P is a function of s. 


APPLICATIONS 
Application to Path of Uniform Curvature. In order 
to determine the validity and some of the significance 
of this solution, let us consider the case where the 
curvature f(s) = K, a constant. Then, since 
SK ds =Ks 


Equation 6 becomes - 


\ ewee( epewns ds + c) 


and integrating 


—Pet’Ks 
= oo = c) 


K 
Simplifying 
P 
Pe ea 
K 


Wheres=0, F:=0 


P 
pupstiivtiing, 0 = C ———, or C= 
K 


P 
hence, fF, = — (cuss _— ') Sr ROE TAAL (7] 
K 


But the differential equation itself becomes 


dF: =w (P+ KF:)ds 


11 


Fig.3 Diagram showing buckling 
Integrating, log c’ (P+ KF:) = Ku's 


writing this as 


l I 
Ft = f. _. e's ___ P) 
K e 


Again, whens = 0, F: = 0, 


I I 
a 4 — P) 
K c’ 


Application to Path without Curvature. To go still 
further by investigating the case when the moldboard 
becomes merely an inclined plane, let K = 0. Then 


P(@—1) 0 
0 ~s 


an indeterminate form. To evaluate, take the deriva- 

tive of numerator and denominator with respect to K 
Pu'seX#'* 

thus obtaining ———————_ 


l 
which gives, for K = 0, 


‘i= 


coh ti eh et eS ee ee [8] 


Here, | Xs is the area, P is the normal pressure per 
area, and wv’ X1Xs XP is the tangential force neces- 
sary to overcome kinetic friction. Hence, the solution 
of the equation giving a correct value for a known 
special case. 

The importance of wv’, K, and L (the value of s at 
the plow share) is obvious. To lower the value of the 
coefficient of friction by a few per cent is to lower the 
values of all forces by a much greater percentage. 
Unfortunately, on the plow any decrease in either K or 
L would be at the expense of the other. 

In most plow designs the parametric equations de- 
scribing the surface show that the curvature of the 
path is not constant throughout the moldboard surface. 
There is the possibility, however, of so distributing 
this curvature that F:, and especially Fs, can be re- 
duced to a minimum. 

Application to Path of Variable Curvature. To find 
the form of the function F = f(s) that will make the 
integral in Equation 6 a minimum, and at the same 
time keep the total curvature and length of moldboard 
within the range of a properly functioning plow, be- 
longs to the most difficult type of isoparametrical 
problems in the calculus of variations. 

By cut-and-dry methods a satisfactory form may be 
found for the curvature f(s). Let us test two different 
types of curvature: Case A, a curvature that is lower 


oe 
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at the wing than at the share; Case B, the reverse, 
higher at the wing than at the share. To be specific, 
assume the total length of path to be 20 units, that is, 
s varies from 0 to 20. Then let 


I 
(Case A) f(s) =———— 
30 —s 
l 
(CaseB) f(s) =— 
10+ s 


Notice that in Case A the curvature varies from 1/30 
at the wing to 1/10 at the share, while in Case B it 
varies from 1/10 to 1/30, exactly the reverse. One sur- 
face when turned end for end becomes the other. 


Now for Case A, the integral in the exponent in 
Equation 6 becomes 


—ds 
frras=— f an ea 
30 —-s 
l 


= log ——_——_- 


30 — s 


= el St(s)ds = elt’ los s = 


For Case B 


ds 
fi (s) ds =f —_——- = log (10+ s) 
10+ s 


age ef St(s)ds oo ef tog (0+8) =. log (10+s) py’ = (10 =f s)* 


Then for Case A, Equation 6 becomes 


l 


ann & 


pY naan ll c) 
reer? 


F: —_ 


—( 
= wo sae \- 


For Case B 
Fi. = (10+ sy"(P pw { (10:-+-s)" ds+ c) 


(10 + s)'” 
= (10+ sy (w Pp ——__-+ c) 
I— py’ 


To evaluate the constants of integration we have 
F.=0 for s=0 


For Case A, we obtain 


zw’ P 
Cc = ———_- (30) “""" 
Rare 
For Case B, 
a 
Cc = ———_ (10) '-* 
wl 


Substituting these expressions we have 
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20 6 64 i&é«; 73bieOe}FhUkhlUt 
VALVES OFS 
Share 


Wing 


Fig. 4 Showing force reactions, along the path of 
travel, produced by varying location of maximum 


curvature 
For Case A, 
yw P (30)4*! 
r= ( — (30 — s)) 
w +1 *S (30 — s)” 
For Case B, 


, 


B 
i fam +s) — (10)'* (10 +s)) 
i—y 


A graphical comparison of these two cases is given 
in Fig.3. Case B shows a fair advantage over Case A 
for the tangential force Ft, and a decided reduction in 
KF: (ds=1 in Equation 3), the buckling force per 
unit area. This comparison points to the following 
conclusions: 

High curvatures near the plow share and low cur- 
vatures on the wing of the moldboard (Case A) give 
unnecessarily high reaction forces between the soil and 
plow, especially on the plow share. 

Curvatures low at the share and higher at the wing 
(Case B) tend to equalize and reduce all forces. 


RELATIONS OF APPLICATIONS TO SCOURING 


In discussing the scouring or shedding of the soil 
on the moldboard of a plow, it is necessary that we 
consider in a general way the manner in which the 
tangential force F: is distributed throughout the furrow 
slice, from bottom to top. Certainly at the wing of the 
moldboard F: must be confined to a rather thin layer 
of soil at the bottom of the slice, while at the share it 
must be fairly well distributed from bottom to top, and 
greater at the bottom than at the top. Whatever the 
exact law of distribution of F: may be in terms of s, 
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it is permissible to use F:(1-+ ns) as a first degree ap- 
proximation for the value of the tangential force at the 
bottom of the furrow slice, a distance s from the wing. 

The ability of a plow to scour or shed (S) at any 
point may be defined approximately as the difference 
between the tangential force on its surface plus shear 
resistance (Fs) and the “drag” or frictional force at 
the same point. Since Fs equals P + KFt, 


F ° 


= — a ot a 
[+ ns 


Pe, a [9] 
Failure to scour would be expected to originate at any 
point or area having an excessively high value of either 
wv’ or K, that is, at a rough unpolished spot or at a con- 
cavity or bend in the surface. It is not an uncommon 
occurrence to have the latter defect automatically cor- 
rected by the soil filling in an area of high curvature 
and in effect reducing the curvature. 

When sticking does occur, »’ changes from kinetic 
to static friction with an increase in value, which in 
turn results in a decrease in S. Hence, the difficulty in 
reestablishing scouring. 

It is necessary to hold S above zero for all parts of 
the plow. In the positive term, F:/(l-++ns), both num- 
erator and denominator increase as s increases. Con- 
sequently, when wv’ is large, the positive term can not 
compensate for the negative term, —w (P + KF‘), un- 
less the curvature K decreases as s increases. Hence, 
in scouring, Case B type curvature should be superior 
in performance to Case A. 

A plow design having a lower curvature near the 
share, as in Case B, than most plows in common use 
would require a somewhat greater angle for the ver- 
tical wedge at the cutting edge. Measurements on a 
number of plows show this angle to average around 
13 or 14 deg. Suppose the modified design were to call 
for an angle as high as 18 deg. The horizontal force 
necessary to produce a component Ft up each of these 
two slopes is Ft sec 13 deg and F: sec 18 deg, respec- 
tively, or 1.026 F: and 1.051 F:. This is an increase of 
only 2.5 per cent, whereas, Fig. 4 indicates a reduction 
of almost 10 percent in Ft which should more than 
offset the increase due to the larger angle. 


SUMMARY 


In a previous publication a method of describing 
the moldboard surfaces of “digger” plows was set 
forth. The exponential equations describing the sur- 
face indicated uniform pressures for pulverization and 
inversion. Further studies show that in a surface of 
this nature there is another force or “buckling” effect 
which must be considered. Mathematical studies of the 
forces acting along the path of travel of soil particles 
show that this effect at certain points increases the 
forces normal to moldboard, thus materially affecting 
scouring. From a study of forces on the surface a 
linear differential equation is developed from which 
can be found the tangential force necessary to main- 
tain motion in terms of friction, length, curvature of 
the moldboard, and weight of the soil at any point 
along the path of travel. A method of utilizing this 
formula is included. It is shown that high curvature 
in the path near the share results in increased ten- 
dency for the soil to stick to the moldboard. If the 
curvature is shifted towards the wing of the mold- 
board, this tendency is materially reduced. An ap- 


proximate formula for scouring is given. Field tests 
of plows having these features were made and the 


conclusions of the mathematical study found to hold 
in practice. 
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Problems of Plow Manufacture 


(Continued from page 8) 


a considerably rougher surface than the last plow 
finished on that same polishing wheel, when the wheel 
is worn comparatively smooth, and will produce a 
smoother finish than on the first plow bottom. If these 
two bottoms should happen to be placed on the same 
two-bottom plow, and started plowing in sticky soil, 
the bottom with the finer polish may scour at the start 
and constantly improve through taking on a land 
polish, while on the other bottom, with rougher polish, 
the soil may stick at the start and continue to stick 
until it will appear that there is something radically 
wrong with this bottom in shape, hardness, or setting, 
when the only difference may be in the finishing shop 
polish. 

Comparative scouring quality of new plow bottoms 
should therefore never be made until the plows that 
are to be compared are used long enough in soil where 
they will scour until they have a land polish, which 
will make them alike in polish, and then when tried 
in sticky soil, if one of the bottoms fails to scour, it 
would be best to exchange the bottoms on the beams 
to determine if the difference is in the bottom or in its 
position relative to the tractor. Sometimes one bottom 
may work in the path of the tractor wheel and the 
other not, and the difference in compactness of the 
soil caused by the weight of the tractor, or the lugs on 


tractor wheel, may be the cause for the difference in 
scouring. 


CONCLUSION 


The engineer’s responsibility for an implement that 
he has designed should not end with his production of 
one implement that works and looks good, but should 
continue until such implement is produced in quanti- 
ties by the factory at a cost that will permit its sale at 
a competitive price and leave the manufacturer a fair 
profit. To get such desirable results calls for harmoni- 
ous teamwork between the engineering and fabricating 
departments during the development period and the 
time the shop is preparing for and starting the pro- 
duction of a new implement. The engineer should help 
the shop iron out the problems that usually come with 
the production of a new implement, that is, such prob- 
lems as have a bearing on design. Harmonious team- 
work between the engineering and manufacturing de- 
partment, will, I believe, solve more of the manufac- 
turing problems than any other thing that can be done. 


The Benefits of Lightning 


PB pte its reputation as a destroyer, lightning is 
also a benefactor to mankind, but just how much 

may never be known. A lightning research engi- 
neer, who hurls 10,000,000 volts of artificial lightning 
at will about his laboratory, says that natural lightning 
produces, free of charge, about 100,000,000 tons of fixed 
nitrogen yearly over the earth’s surface. It acts in this 
capacity the same as heavy electrical discharges do in 
a nitrogen fixation plant. The only difference is that 
the bolt of lightning coming down through the air, 
which is composed approximately of four-fifths nitro- 
gen and one-fifth oxygen, breaks down the chemical 
constituency of the air and deposits fixed nitrogen on 
the soil, all at no cost to the farmer. In manufacturing 
fixed nitrogen, electric sparks of 15 or 20 feet in length 
are used. In nature, lightning provides a spark thick 
and fat, for perhaps 2000 feet or more in length, thus 
producing immense quantities of this essential chem- 
ical for agriculture. Thus it is that we find lightning 
as a great benefactor, although sometimes it does jump 


about wild and loose and causes considerable property 
damage. 
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AGRICULTURAL ENGINEERING 


Rammed Earth for Farm Building Walls 


By Ralph L. Patty’ 


N EXPERIMENTAL project on pisé or rammed 
earth as a building material for farm building 
walls has been carried on by the agricultural engi- 
neering department of the South Dakota State College 
for the past three years. The study is being made with 
especial reference to poultry housing. 

In case the reader is not acquainted with pisé or 
rammed earth construction (and this is the only type 
of earth construction on which we are working), let 
me say that the wall is built by ramming earth that is 
barely moist into wall forms that are similar to the 
forms used for pouring concrete walls. The pisé wall 
is a monolithic earth wall when it is finished, although 
the forms are not built completely around the founda- 
tion as is the case in pouring a concrete wall. A sec- 
tion of form only is used, and the wall is rammed a 
section at a time. 

I want to emphasize the monolithic feature of pisé 
or rammed earth, because therein lies one of the im- 
portant reasons why we, in the North Central section, 
are interested in it in preference to adobe brick con- 
struction which is more common and better known 
in this country. Where there are mortar joints in wall 
construction there is very apt to be infiltration of cold 
air, and the life of the mortar joint is apt to be the 
limiting factor in the life of the wall. 


Scope of the Study. This study is not completed 
by any means, but several phases of it have been 
studied sufficiently to justify rather definite conclu- 
sions. Our purpose in making the study was of course 
to find out how to build the best rammed earth wall 
with the best soil, the optimum moisture in that soil, 
and with the best methods. In addition we hope to 
determine the best methods and practices to use with 
the soil that is readily available, even though it may 
not be a favorable soil. At least we hope to be able 
to answer the inquiries concerning pisé construction in 
a definite and helpful way before the study is com- 
pleted. 


MANY PHASES INCLUDED IN THE 
SoutH Dakota StTuDIES 


The scope of our study up to the present time has 
included the following phases which are listed more or 
less in the order of their importance: (1) the ratio 
of sand in the soil to the silt and clay; (2) the impor- 
tance or advisability of using protective coverings on 
pisé walls and the most effective and practical cover- 
ing to use; (3) the optimum moisture to use for each 
type of soil; (4) the size and graduation of the mineral 
aggregate in the soil and its effect upon the durability 
of the wall; (5) proper foundations for pisé walls with 
special reference to depth and width; (6) the intensity 
of ramming and its effect upon the durability of the 
wall; (7) the most practical ramming tools, including 
the most satisfactory size, weight, shape, and general 
design of hand rammers; (8) the effect of admixtures 
such as lime, fiber, and mineral aggregate to the soil, 
and (9) the reinforcing of pisé walls with special 
reference to wall openings’. 


1A contribution of the Committee on Native Building 
Materials of the American Society of Agricultural Engineers, 
1932-33. 


2Chairman, department of agricultural engineering, South 
Dakota State College. 


3Analyses of all types of soils used in the study are now 
being made, in which the silt and clay are separated and 
their effect upon the qualities of soil for rammed earth is 
being studied. 
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In the study several hundred mechanical analyses 
of soil samples have been made and many more mois- 
ture determinations. Approximately three hundred 
test blocks have been made for the various studies, 
and between fifty and sixty test beams have been used 
in the reinforcing study. More than sixty small weath- 
ering walls are under test in the experimental yard 
from representative parts of the state, and test blocks 
have been made from the same dirt in each case for 
checks. Two complete buildings have been constructed, 
including the poultry house mentioned above, and 
more than two hundred lineal feet of large test walls 
have been built for covering panels and for foundation 
tests. 

Since it is impossible in this paper to cover this 
study in detail, I will merely give a brief summary of 
it with such conclusions as we have drawn up to the 
present time. Perhaps the methods we employed in the 
study will be of interest. 

For moisture determinations we used an ordinary 
electric despatch oven of good size and carried the 
temperature around 218 deg F. We used a reasonably 
delicate metric balance scale for weighing our soil pans 
and samples, and took soil samples averaging between 
400 and 500 grams. Duplicate samples were made in 
all cases. The samples were dried to constant weight 
and the moisture determined in the regular way. 


VERY DEFINITE RELATIONSHIP BETWEEN 
AMOUNT OF SAND AND CHECKS 


For making a mechanical analysis of a soil we first 
make moisture determinations and then separate the 
sand from the silt and clay. This is done by passing 
the sample through a set of screens, the finest being 
200 mesh. All the aggregate that is retained on these 
screens is classified as sand and all the material that 
passed through the 200-mesh screen is classified as 
silt and clay. The different sized aggregate is weighed 
up after being dried out and the weights added for 
total aggregate or total sand as we call it. The silt and 
clay is washed through the finer screens, and it is not 
necessary to attempt to recover it since its weight can 
be determined by subtracting the total sand from the 
weight of the total sample of dirt. We have not as yet 
attempted to separate the silt and clay in this study 
although we are learning to identify them in the differ- 
ent soils we work with. 

We are finding a very definite relationship between 
the amount of sand in the soil and the amount of 
shrinkage cracks or checks in pisé walls or test pieces. 
We are finding an even more definite relationship be- 
tween the moisture in the soil at the time of ramming 
and the amount of shrinkage cracks. We have devel- 
oped a remarkably uniform curve on this ratio of 
moisture and shrinkage with a series of test pieces that 
is a story in itself. In general, soils containing less 
than 35 percent of sand will shrink and crack when 
rammed into a wall with the optimum amount of mois- 
ture. While soil containing more than 85 percent of 
sand will not stand in a wall for long against the 
weather; at least, it will not do so without a protective 
covering. 

The small weathering walls are built 36 in long by 
30 in high and 12in thick. They are protected on top 
with a flat roof having an eave projection of approxi- 
mately two inches. The majority of these walls have 
now had from two to three years exposure to the 
weather. Most of them have no protective covering 
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although perhaps a dozen of the ones built later have 
been covered with paint using various methods. 


Coverings for Pisé Walls. Our experience with pisé 
walls up to the present time indicates that protective 
coverings for them are highly desirable. More than 
twenty covering panels are under test. They are on 
large walls and each panel is 30 in wide by 5 ft high. 
The walls stand east and west and the covering panels 
are in duplicate having both a north and south expo- 
sure. An interesting result found with temporary coy- 
erings was that the covering on the north exposure 
lasted better than on the south. This finding agrees 
with the results of the Iowa State College findings in 
their study of prepared roofings. With unprotected 
pisé walls the result is exactly the opposite. The north 
side of the unprotected walls weather very much more 
rapidly than the south. The only two kinds of cover- 
ings that are showing permanently favorable results on 
pisé walls up to date are linseed oil paints and plasters. 

Plasters seem to bond to the walls satisfactorily 
without any expanded metal or plaster base of any 
kind, although nails can be driven into the wall through 
the first coat of plaster when it is fresh and before the 
second coat is applied with very little trouble. With 
portland cement plaster this method should be just as 
satisfactory as the use of an expanded metal plaster 
base. 

Linseed oil paints seem to stick to the surface of 
pisé walls better than to wood. Perhaps this may be 
due to less influence from moisture. Extensive trials 
are being made on various soils to determine the best 
methods for applying this paint and also the best time 
for putting on the first or priming coat. Possibly pure 
linseed oil will prove to be the best priming coat for 
pisé walls applied from three to seven days followed 
with two coats of outside house paint. We have a 
painted panel of this kind that has been under test 
now for three years that is in perfect condition, and 
the surface to which it was applied was in very poor 
shape. 


THE OprimuM MOISTURE CONTENT FOR 
RAMMED EARTH WALLS 


The test pieces or blocks that we have made were 
not made with the idea of determining whether or not 
the pisé walls will have sufficient strength to stand 
up or not. This might become a problem if high walls 
were to be built, however. We crushed some 260 of 
these blocks for compressive strength in a Riehle test- 
ing machine, but our purpose in doing so was to com- 
pare and study the characteristics of the various soils. 
For instance, we were able to determine the optimum 
moisture to use in any soil in this manner. A test block 
that is rammed from dirt containing the optimum 
percentage of moisture shows a decidedly greater 
strength in compression 60 days after it is rammed 
than one that was either too wet or too dry at the same 
age. A wall made with soil containing the optimum 
moisture content will resist weathering better also. 
So we checked the optimum moisture both ways. What 
is this optimum moisture content? It varies all the 
way from 7 to 16 per cent, depending upon the amount 
of sand in the soil. Seven per cent of moisture will be 
optimum for a soil containing 70 to 80 per cent of total 
sand, while 16 per cent will be about optimum for 
soil containing as low as 5 to 10 per cent of total sand. 

Intensity of Ramming. One interesting thing we 
found concerning the strength of pisé construction was 
that the strength varies directly with the intensity of 
ramming. A series of fifteen blocks were made: five 
were rammed lightly, five with a medium stroke, and 
five with extreme force. 7)ic dirt was weighed into 
the forms and exactly the sane amount used in each 
block. When we finished riniming these blocks the 
lightly rammed blocks averaged 11.14in in depth, the 


15 


medium rammed blocks averaged 9.97in, and the 
blocks that were rammed hard averaged 8.94in. The 
unit weight of the lightly rammed blocks was 108 lb 
per cubic foot, for the medium 125 lb, and for the hard 
135 lb per cubic foot. The compressive strength of the 
lightly rammed blocks averaged 92.661b per square 
inch, for the medium 189.11b, and for the blocks that 
were rammed hard 393.4 lb. 

We used steel rammers having a face of 9 sq in and 
a weight of 1.8 lb per square inch of ramming face. 

We have made a rather careful study to find out 
what effect the size as well as the amount of aggregate 
in the soil had on the strength of pisé walls. We 
rammed two different series, the second more elaborate 
than the first, and the two checked very nicely all the 
way through. We made and broke a total of 36 blocks 
in the two series, using a clay soil containing 10 per 
cent of sand for a base and adding different sized 
aggregates by weight. We have not covered this study 
completely by any means, but the addition of 35 per 
cent of sand from zero to 4 in in size increased the 
strength over the check blocks. Aggregate from % to 
% in in size also increased the strength, in fact showed 
the highest strength by a slight margin. All aggregates 
of larger size when added in such large amounts de- 
creased the strength directly with the size of the aggre- 
gate. These results along with the experience we have 
had with other series and with the weathering walls 
lead us to the conclusion that too much coarse aggre- 
gate in the soil is favorable for pisé work, although 
pebbles as large as a man’s fist do no harm in the wall 
if there are not many of them. In fact, the best weath- 
ering wall we have in the yard contains aggregate that 
is as uniformly graded as we like for concrete work. 


THE ADVANTAGES AND DISADVANTAGES 
OF Fiprous MATERIAL 


Adding Lime. The addition of hydrated lime to 
the soil for pisé work reduced the strength of the blocks 
in compression, and the present indications are that 
it also reduces resistance to weathering. Twenty-one 
test blocks were made and broken in this lime series. 
They carried lime in varying amounts up to 10 per cent 
by weight. The strength was not reduced in direct 
proportion to the amount of lime added in this test, 
but the check blocks, those without lime, average 100 lb 


more to the square in strength than any containing 
lime. 


Effect of Mixing Fiber. The effect of mixing fiber 
such as grass roots or pieces of sod with the dirt for 
pisé work seems to have been uncertain in the past. 
Most writers have warned against allowing any ma- 
terial of this kind to go into the wall. Our results 
show that there is no objection to material of this 
kind. In fact, the strength of the test blocks was ma- 
terially increased by the addition of any fibrous ma- 
terial. This increase in strength averaged between 20 
and 25 per cent. J. D. Long, of the California agricul- 
tural experiment station, found similar results in his 
work at that station. Twenty-eight test blocks were 
made and broken in this series. Grass sod, oat straw, 
and flax straw were used as the fibrous material, the 
grass sod being broken up before using. With each 
one of these materials three different amounts were 
used: the maximum amount that could be mixed in, 
one-half of this amount, and none. We were surprised 
to find that the oat straw gave the maximum strength, 
showing a greater strength than flax straw. The straw 
was cut up in lengths of five to six inches. The advan- 
tage of mixing fiber with the earth is not necessarily 
an important one unless the increased strength is 
needed in pisé walls. Such a wall will have a shaggy 
appearance unless it is covered. If plastered there 
would be no objection, but for painting the fiber would 

(Continued on page 17) 
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Farm Building Costs 


AGRICULTURAL ENGINEERING 


. 


and Labor Earnings 


By H. B. White’ and L. W. Neubauer’ 


N a well-known text on farm management this state- 

ment is made under the subject of farm buildings: 

“It is easily possible to over-capitalize in buildings 
and make it difficult to realize a direct profit on the 
money invested, but when one considers the saving 
in labor that may be made through well-arranged 
buildings, the greater production from animals well 
housed, the increased selling value, and the personal 
satisfaction in a farm well equipped, at least a fairly 
large investment in buildings would seem to be war- 
ranted.” This statement with its conservative con- 
clusion has left the question for each farm owner 
to decide for himself as to how important good build- 
ings are to him as an investment. The farmer often 
brings this question to the division of agricultural 
engineering of his state university and frequently finds 
there is very little data on the subject. In order to 
remedy this situation it was suggested, in the recent 
national survey to organize a farm structures research 
program throughout the United States, that the struc- 
tures men at Minnesota study building costs as re- 
lated to milk production costs. 

The division of agricultural economics of the Uni- 
versity of Minnesota has been keeping cost data on 
farms for about thirty years and has very complete 
records of the business on many farms. These figures 
are procured under a very carefully developed system 
which has been accepted by farm management work- 
ers throughout the United States. Through the co- 
operation of this division of the University the data 
for forty farms in southern Minnesota were made 
available for this study. Two types of farming were 
represented—dairy and beef. This means that dairy 
cattle were the chief animal enterprise on the one 
type of farm and beef cattle on the other. Grain and 
corn were raised but were used mainly for feed for 
the animals on the home farm. The data consisted 
of records from twenty dairy and twenty beef farms. 
The figures used were for the year 1929 and were 
selected by Dr. Pond of the division of agricultural 
economics, with no expectation that they would have 
any particular bearing on the structures study. The 
building inventory values were taken at the beginning 
and at the end of the year and averaged, to obtain 
the value for the year. The original value was ob- 
tained by reversing the process by which the present 
depreciation had been determined. For the houses 
Wm. Arthur’s depreciation table was used. The houses 
were rated as fair and estimated to be fifteen years 


1Paper presented at a meeting of the Structures Division 
of the American Society of Agricultural Engineers held at 
Chicago, December 1933. 

2Head, section of farm structures, division of agricultural 
engineering, University of Minnesota. Mem. A.S.A.E. 


%’Agricultural engineer, University of Minnesota. 


TABLE I. AVERAGE VALUE OF FARM BUILDINGS 


BARN Hos | Pouttry GRANARY | MACHINE 
HOUSE AND House | HOUSE AND  |SHED AND 
SILO CRIB | GARAGE 


1929 VALUE 
20 DAIRY 
20 BEEF 
ORIGINAL VALUE 
20 DAIRY 
20 BEEF 
ANNUAL COST 
20 DAIRY 
20 BEEF 


old, and their present values were considered as 68 
per cent of their values when new. For the barns 
Bernard’s depreciation table was used. The barns 
were considered fair, estimated to be fifteen years 
old, and their present values as 45 per cent of their 
values when new. These farms had been selected 
for the statistical work and their condition and values 
were above average for the section of the state where 
they were located. This fact was brought out by a 
study of census figures for the farms of the counties 
where the studies were made. It may be noticed that 
the total value of the service buildings is greater than 
the sum of the listed individual buildings. This is due 
to the few buildings such as cob sheds, well houses, 
etc., which were not entered in the table, although 
their values were in the inventory. A study of the 
value of the buildings per farm shows that the twenty 
dairy farms have more expensive buildings than have 
the beef farms. The original value of the buildings 
on the dairy farms shows an investment of about $13,- 
000 per farm while the beef farms have slightly more 
than $11,000. 

Table I shows the value of farm buildings on the 
forty Minnesota farms used in this study. The values 
of the buildings are shown for 1929 and also when 
new. The value of each type of building is shown 
as well as the annual cost. The service buildings, that 
is, the buildings other than the house, are totaled, as 
well as all buildings including the house. The separ- 
ation of the forty farms into two groups and the 
two groups again into the ten high in labor earnings 
and the ten low in labor earnings gives an opportunity 
to study the relation of the investment in buildings to 
the labor earnings. The annual building cost was taken 
as ten per cent of the value when new. The annual 
cost includes interest on investment, insurance, taxes, 
depreciation, repairs, and painting. 

Table II shows the relation of the value of the 
houses to the operators’ labor earnings. The annual 
cost of the houses was highest for the ten with the 
lowest labor earnings in the dairy group and highest 
for the high ten in the beef group. It did not appear, 
therefore, that there was any relation in the annual 
cost of houses to the labor earnings. It was found, 


TABLE IT. LABOR EARNINGS AND ANNUAL COST OF HOUSES 


1929 ORIGINAL | ANNUAL LABOR 
VALUE VALUE COST EARNINGS 


DAIRY 
10 HIGH EARNINGS 
10 LOW > 
AVERAGE FOR 20 

BEEF 
10 HIGH EARNINGS 
10 Low ° 
AVERAGE FOR 20 


TABLE II. LABOR EARNINGS AND ANNUAL COST OF SERVICE BUILDINGS 


1929 ORIGINAL | ANNUAL LABOR 
VALUE VALUE cost EARNINGS 


DAIRY 
10 HIGH EARNINGS 11,209 
10 Low ” 1204 
AVERAGE FOR 20 9208 
BEEF 
10 HIGH EARNINGS 8847 
10 Low ° 6822 


AVERAGE FOR 20 7836 
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This graph shows the relationship between operators’ 
labor earnings and the annual cost of service build- 
ings and houses on forty Minnesota farms in 1929 


however, that in arranging the houses in order of 
their value the high ten in both the dairy and the 
beef groups had the higher labor earnings, although 
the advantage was slight. The dairy group had for 
the high ten a value of $3621 and a labor earning of 
$2318, and for the low ten a house value of $1626 
and a labor earning of $2252. The same study for the 
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beef group showed for the high ten a house value 
of $3004 with earnings of $1899, and for the low ten 
a house value of $1191 and a labor earning of $1296. 

Table III shows the relation of the 1929 and orig- 
inal building cost and the annual cost of the service 
buildings to the labor earnings. The most significant 
fact brought out in this table is the additional labor 
earnings shown by the operators on the farms with 
the high annual cost for service buildings. In the 
dairy group the high ten in earnings show for an 
additional $401 annual cost of buildings an increase 
in labor earnings of $1134. The beef group shows 
for the high ten in earnings an advantage of $2004 in 
labor earnings for an additional $203 in annual cost 
for shelter when compared with the low ten. 

The accompanying graph shows the relationship 
between the operators’ labor earnings and the annual 
building cost. 

It is not to be expected that the figures shown in 
this study would be duplicated under other conditions, 
and it is recognized that they should represent a longer 
period of time. Five years would probably be a fair 
period on which to base conclusions. It is evident, 
however, that, if the farm operator’s labor earnings 
decrease, there is also a trend for the value of the in- 
vestment in buildings to adjust downward. It should 
be more generally recognized that suitable farm 
buildings may serve as an investment which will 
return a profit in many cases the same as would 
be possible from an investment in a store or factory. 
Too often the standards of living on the farm are 
lowered by the inefficient, inadequate buildings, and 
in addition the business is handicapped over a period 
of many years. This study shows a distinct advan- 
tage for the farm operator who has adequate buildings. 


Rammed Earth for Farm Building Walls 


(Continued from page 15) 


interfere. There is one advantage in this practice 
which we have recently discovered. The fiber reduces 
the shrinkage cracks in pisé walls. The mixing of 
straw into a heavy clay soil that necessarily needs a 
considerable amount of moisture when rammed re- 
duces the size and number of shrinkage cracks ma- 
terially. Our theory is that the straw may act as pass- 
age ways for the moisture to leave the center portions 
of the wall at the same time the moisture is leaving the 
outer portions. Shrinkage cracks are of course caused 
by the fact that the outside cover of the wall dries and 
shrinks faster than the inside portions. 


Reinforcing Pisé Walls. We have done a small 
amount of work in reinforcing pisé walls with special 
reference to reinforcing over window and door open- 
ings. About fifty small test beams were made and tested 
for strength. These beams were 36in long by 12in 
wide and having a depth of 7% in. The reinforcing 
was placed about two inches from the bottom of the 
beams. The reinforcing materials tried included metal 
lath or expanded metal, barbed wire with hooked ends, 
barbed wire with straight ends, one-fourth-inch round 
rods with straight ends, one-half-inch round rods with 
hooked ends, one-half-inch round rods with straight 
ends, and one-inch boards. 

Considerable difficulty was experienced in getting 
beams made and cured without defects in them and to 
detect the incipient load point. This was particularly 
true with the board reinforcing. The idea of determin- 
ing the incipient load was finally abandoned and only 
the ultimate loads recorded. The rods gave the best 
results, and the larger the rod used, the stronger the 
beam. The barbed wire with hooked ends gave some 
increase in strength, while the straight barbed wire 
and the metal lath decreased the strength. Their 


strength averaged less than that of the check beams. 
Many minor practices for pisé construction were 
studied that are too numerous to mention in this paper, 
but there were two or three mistakes, of which men- 
tion will be made. 

The first mistake was in roofing our small weather- 
ing test walls. These weathering walls were made 
about the size of a substantial tombstone 36 in long, 
12 in thick, and 30 in high. We built up flat roof cover- 
ings over these with an eave projection of two inches 
or less. When it rained, the water ran off these flat 
tops over the edge and some of it ran back under the 
overhang flowing down the face of the wall. Water 
cuts a pisé surface like a knife, and after two attempts 
we solved this problem by tacking strips of sheet metal 
around the edge to prevent the water from flowing 
back underneath. Painting or plastering the wall would 
of course prevent such injury from the water. 


Another mistake we made that affected our first 
results on the strength of test blocks (not seriously but 
to a slight extent), was in not making our test blocks 
exactly the same height or depth. This is rather diffi- 
cult to do, but it can be done by weighing the earth 
for each layer as it is rammed and by working two 
forms at the same time, having the men change on 
every other layer. Early in the study we discovered 
that a difference of one-half inch in the depth of a 
test block made some difference in the breaking load 
for the block. We immediately made a series of blocks 
of varying depth, tested them, and figured out a cor- 
rection figure. The correction figure for our base soil 
proved to be 5.3 lb per square inch for each tenth of 
variance from the standard depth. The standard depth 
which we use is 8.9in. Our standard test block then 
is 9 by 9 by 8.0 in. 
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AGRICULTURAL ENGINEERING 


Check Wire with a Four-Row Corn Planter 


By Claude K. Shedd’ 


HE research work on which this paper is based was 

conducted at Ames, Iowa, under a cooperative 

agreement between the Agricultural Engineering 
Section of the Iowa Agricultural Experiment Station 
and the Bureau of Agricultural Engineering of the 
U. S. Department of Agriculture. 

The four-row planter is a new development which 
has been demanded as an essential part of a program 
of using four-row tractor cultivating equipment. In 
order to use a four-row cultivator successfully, it is 
necessary that four adjoining rows be accurately 
spaced. This can be accomplished only by use of a 
four-row planter. An additional advantage in using a 
four-row rather than a two-row planter is that, if prop- 
erly designed and efficiently operated, it speeds up the 
planting operation. 

In discussing check planting, it is well to assume 
that, for efficient use of a tractor cultivator, we require 
more accurate check planting than has been customary 
and reasonably satisfactory for use of horse-drawn 
cultivators. The slow speed of horses gives the opera- 
tor time to shift the cultivator for hills as much as six 
inches out of check. Tractor cultivating can and should 
ordinarily be done at speeds of at least three to four 
miles per hour. At a four-mile speed, there is no time 
to shift for hills out of check. If the checking is not 
accurate, the speed must be reduced to about two miles 
per hour, thus reducing the capacity of the outfit and 
partially defeating the advantages sought in using the 
four-row tractor equipment. 

In view of the importance of accurate check plant- 
ing, it seems desirable to make a careful study of the 
subject to find out what methods offer the best promise 
of accuracy of check. The study reported in this paper 
is based on both graphical analysis and field tesfs of 
wire positions, wire movement, and wire tension. 

Experience in the use of check wire in the past has 
been mostly with two-row planters which have been in 
general use for about 60 years. Some of the earliest two- 
row planters used a wire cross-over, that is, the wire 
was carried across from one side of the planter to the 
other as it passed through the check head. It was soon 
found desirable to eliminate the cross-over feature. The 
universal practice for many years past with two-row 
planters has been to run the check wire directly back- 
ward through the check head without cross-over. The 
stake holding the wire is set at the end of the field 
behind and on the extended center line of the planter. 
The wire then has some angularity from the stake to 
the check head and additional angularity ahead of the 
planter since the wire must be moved over the width 
of two rows from the position in which it was laid 
down on the previous trip through the field. 

Due to angularity of wire position, the length of the 
wire must be a little more than the length of the field. 
Since the greater part of this angularity is carried 
ahead of the planter, each button of the wire is moved 


1Paper presented at a meeting of the Power and Machin- 
ery Division of the American Society of Agricultural Engi- 
neers held at Chicago, December 1933. Journal Paper No. 
J136 of the Iowa Agricultural Experiment Station. Project 
No. 22. 


*Agricultural engineer, division of mechanical equipment, 
Bureau of Agricultural Engineering, U. S. Department of 
Agriculture. Mem. A.S.A.E. 

“Getting a Good Check with Power Corn Pl:nter Attach- 
ments.” C. O. Reed. Farm Implement News, Chicago, April 
2, 1931. “More About Corn Planters.” C. O. Reed. Farm 
Implement News, Chicago, May 11, 1933. 


a few inches in the direction in which the planter is 
moving on each trip across the field. If this button 
travel can be kept constant in all parts of the field, 
it does not cause any error in check since the planter 
is provided with an adjustment to offset button travel. 

The subject of planter adjustments to offset button 
travel, speed, and wear has been thoroughly explained 
by C. O. Reed® and will not be discussed here. 

When check wire is used in the customary manner 
with a two-row planter, it is mechanically impossible 
to secure a perfect check in all parts of the field for 
the reason that the angularity of the wire changes as 
the planter approaches the end of the field. Therefore 
the button travel near the ends of the field is not the 
same as it is in the central part of the field. If the 
planter is correctly adjusted to offset button travel in 
the central part of the field, the adjustment is neces- 
sarily wrong as the planter approaches the end. Addi- 
tional proof of these statements will be discussed later. 

With the two-row planter, by using a reasonably 
tight wire and by setting the stakes as far as possible 
beyond the ends of the rows, the errors in check due 
to changes in angularity of the wire can be reduced 
so that no particular difficulty is experienced in cross 
cultivating at slow speeds. 

When we attempt to use check wire with a four- 
row planter in the same manner as customary for two- 
row planters, we get into difficulty. The angularity 
of the wire is twice as great with the four-row planter 
since the wire must be moved over the width of four 
rows instead of two rows at each trip through the field. 

The positions of the check wire with a four-row 
planter are shown in Fig. 1. These wire positions were 
determined by tests made in a gently rolling field 80 
rods long with a standard make of four-row, pull type 
planter and with check wire used in about the manner 
that is customary with two-row planters. An eight-row 
headland was allowed for at each end of the field. The 
planter used in this test was set for rows 42in apart. 
The width of the planter from center to center of check 
heads is 13 ft, 4in. For convenience of reference, the 
planter may be considered as moving eastward across 
the field. The portion of the field lying north of the 
planter has been planted. 

The following observations may be made from Fig. 
1: When the planter is in position 1, the position of 
the check wire is shown by the heavy solid line ABCDE 
From the stake A, the wire angles north 6 ft 8in (half 
the width of the planter) to check head, B. From B to 
C the wire angles an additional 14 ft north. At the east 
end of the field from D to the stake E, the wire angles 
back to the south 6 ft 8in. An important disadvantage 
of this method is that the distance from one wire stake 
to the other, measured along the position occupied by 
the wire does not remain constant as the planter moves 
across the field. The longest position occupied by the 
wire is ABCDE, when the planter is at position 1. The 
shortest position of the wire is when the planter has 
reached position 2. At this time the wire has been 
moved over to position AFGE, eliminating the bowed 
position of the wire 14ft to the north and 6 ft 8in 
back to the south again. This wire position AFGE is 
8 in shorter than the position ABCDE. 

Wire tension was set at 601b with the planter in 
position 1. As the planter moved across the field the 
wire tension remained near 60 1b until the planter ap- 
proached position 2. There the tension dropped to 
401lb but increased again to nearly 601b when the 
planter reached the end of the rows, position 3. 
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Wire button travel was measured and found to aver- 
age 742 in in the central part of the field, 444 in at 
planter position 2, and zero at the end of the rows. 


It is evident from these data that a perfect check 
with this manner of using the wire is a mechanical 
impossibility. We may next consider how the use of 
the wire might be changed to improve the check. It is 
evidently impossible to eliminate button travel in the 
central part of the field. The question then is whether 
we can increase the button travel at the end of the 
row so that it will be the same at the end as in the 
central part of the field. 

When the stake is set behind the center of the plant- 
er in position 1, the wire angles north 6ft 8in from 
the stake to the check head. When the planter ap- 
proaches the west end of the field on the next return 
trip; the wire will angle south from the stake to the 
check head 7ft 4in. Theoretically this gives % in 
travel to the button at the end of the row, assuming 
the wire tension to be constant. Now if, instead of set- 
ting the stake behind the center of the planter, we set 
it 12 to 14in north of the center line, the result will 
be 7% in travel of the end button which is the same 
as the travel of buttons in the central part of the field. 
Both theoretical consideration and practical field test 
show that, while placing the stake on the center line 
of the planter is long-established custom, the correct 
position of the stake is off of center as above explained 
and not on the center line of the planter. The correct 
distance off the center is affected by wire tension, by 
the planting width of the implement, and by the width 
between check heads. 

With this change in position of the wire stake, it 
is theoretically possible to get a perfect check in the 
central part of the field and at the extreme ends, but 
there is still an error in check as the planter approaches 
and leaves position 2, the maximum amount of this 
error being about three inches when the planter is at 
position 2. 

Another method of using check wire that we have 
tried is illustrated in Fig. 2. Referring to the illustra- 
tion, it will be noted that, with the planter in position 
1, the wire stake A at the west end of the field is lo- 
cated directly behind the check head B. From B to C 
the wire angles 14 ft to the north, then from C the wire 
runs straight east to the stake D. The angularity of the 
wire remains constant as the planter moves from posi- 
tion 1 to 2. As it moves from position 2 to the end of 
the rows, position 3, the angularity changes so that the 
length of wire position increases by about two feet. 
We take care of this increase in length by means of an 
experimental “pay-out” planter stake designed by E. V. 
Collins. 

This “pay-out” stake, Fig. 3, is briefly described as 
follows: The stake supports a small drum on which 
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about three feet of chain is wound, the check wire be- 
ing fastened to the end of this chain. After setting the 
stake, the operator winds up the chain on the drum 
through a clutch which is designed so that it slips 
when the wire reaches 55lb tension. The drum then 
is locked in position and remains locked as long as the 
wire is pulled straight ahead, that is, while the planter 
moves away from the stake. When the planter ap- 
proaches the stake on the next return trip, it pulls the 
wire to the side at an angle. This unlocks the drum 
and it will then pay out the necessary amount of wire 
at 55 1b tension. 

By this method it is theoretically possible to get a 
perfect check in all parts of the field. In a preliminary 
field test planting about five acres, button travel was 
measured at six different cross rows in the field. The 
average button travel was 8% in and the greatest varia- 
tion from this average was plus or minus 1% in. This 
could possibly be improved a litthe when the operator 
had more experience with this method, but the con- 
struction and the location of the stakes are such that 
personal errors are mostly eliminated. 


Our tests also included the use of a cross-over with 
the four-row pull planter using a special method of de- 
termining stake position not depending upon alignment 
of the planter. We found it possible to get a good check, 
but the time consumed in changing the wire stakes at 
the ends of the field reduced the capacity of the outfit 
to about 2 acres per hour which we do not consider 
satisfactory. This time loss was due to the special 
method of determining stake position and does not 
apply to the usual manner of using a cross-over. The- 
oretically, it is possible to get a perfect check in all 
parts of the field by use of the wire cross-over on level 
land. On hillsides, whenever the tractor must be given 
a lead uphill to overcome side slip, there will be an 
error in cross check because of the change in align- 
ment of the implement with reference to the rows. 
The practical use of the cross-over appears to be lim- 
ited to the mounted type of planter, since, with the 
usual method of operation, it is necessary to have the 
planter very accurately aligned on the rows when the 
wire stake is set. 

Manufacturers of mounted type planters might won- 
der why the tests referred to in this paper were made 
with a pull type planter. The pull type of planter was 
chosen for the research project in corn production 
machinery at Ames for the reason that we proposed to 
mount a cultivator on the tractor used with the planter. 
The final operation of preparing the seedbed is thus 
combined with the planting operation. This combina- 
tion of implements is shown in Fig 4. The advantages 
are that (1) the cultivator plus planter makes a reason- 
able load for the tractor; (2) tractor and operator are 


Fig. | 


Fig. 1 


Check wire positions when wire is used with a four-row 


planter in the same manner as customary with 


two-row planters 


Fig. 2 


Check wire positions when wire is used with a four-row planter 


Fig. 2 


and with Collins’ “pay-out” stakes 
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Fig. 3 (Left) The Collins’ “pay-out” check wire stake. Fig. 


4 (Right) Four-row cultivator mounted forward on the 


tractor used to pull a four-row planter. Final seedbed preparation and planting are combined into one operation 


doing two jobs at once at a busy time of year; and (3) 
cultivating at the time the corn is planted gives the 
corn a good chance to grow ahead of the weeds. We 
are so well pleased with the results of this combina- 
tion that we feel justified in suggesting the desirability 
of designing planters so that this combination can be 
made by the user. It can be accomplished either by 
using a pull-type planter or by mounting the planter 
on the rear of the tractor in such a way that it will not 
interfere with the cultivator mounting. 

What we have learned about the use of check wire 
with a four-row corn planter may be summarized as 
follows: 

The cross-over method seems to be adapted only to 
mounted planters. Theoretically, a perfect check can 
be secured in all parts of the field by this method. In 
practice, good results are secured with the cross-over 
by careful adjustment and operation, provided that 
the land surface is level or gently rolling. 

When check wire is used with a four-row planter in 


An Engineer’s Opinion 


O THE engineer trained in the explicit solution of 

problems, basing such solutions on fairly well- 

known facts and experiences, the wide divergence 
of opinion among statesmen and economists on so 
many economic problems as are now before us is cer- 
tainly a cause for wonder, if not amazement. It does 
not seem possible that, after so many years of study 
of economics on the part of so many able men and with 
the vast literature on this subject now available, there 
should be such violent disagreement among economists 
on such matters as inflation, the gold standard, etc., 
the discussion of which now fills the land with raucous 
debate. 

During the past year or more, the author, as a mem- 
ber of a committee of American Engineering Council, 
has read a large number of essays by persons in many 
walks of life, including many professional economists, 
all offering explanations of our present industrial pre- 
dicament, and many offering solution of existing trou- 
bles. The general impression that he obtains from such 
an experience is that practically all of these literary 
efforts are based largely upon opinion and little upon 
proved principles. And while in the aggregate they 
contain much wisdom and many good suggestions, they 
do not either collectively or individually present a 
clear picture of the problem, to say nothing of a defi- 


the manner that is customary with two-row planters, 
as illustrated in Fig. 1, the cross check is not entirely 
satisfactory at the ends of the field. 

With operation as shown in Fig. 1, except that the 
stake is set about one foot to the side of the center line 
of the planter, it is theoretically possible to get a per- 
fect check over nearly all of the field, but there is a 
constant error up to about 3in in the check of the 
cross rows located about four to six rods from each 
end of the field. This method has the advantage of 
simple planter construction and of causing a minimum 
loss of time in planter operation. 

By the method shown in Fig. 2, it is theoretically 
possible to get a perfect check in all parts of the field. 
Wire and stake manipulation consume a minimum 
amount of time. The necessity for great care or skill 
on the part of the operator is eliminated. This method 
seems to offer very good possibilities of producing 
accurate check planting. It may be used equally as 
well with either mounted or pull type planters. 


of Economic Prophets 


nite solution of it. One is moved, therefore, to ponder 
the character of economic thought and the place that 
science and engineering may and should occupy in 
that field. 


An authoritative encyclopedia defines economics as 
“the science that investigates the conditions and laws 
affecting the production, distribution, and consumption 
of wealth or the material means of satisfying human 
desires; political economy.” Viewing our present un- 
certain condition, it might well be doubted that eco- 
nomics is at present a “science.” The hallmark of a 
science is the ability to predict, and most certainly the 
wide divergence of opinion among leading economists 
does not lend confidence to their predictions. 


* * * * * 


In a rapidly moving age such as ours, most eco- 
nomic prophecies should be taken with a grain of salt 
and most economic prophets looked on with some 
suspicion. And if the engineer is to venture into these 
troubled waters with the idea of applying his well-tried 
scientific methods, he should take thought also of the 
measure and limitations of these methods, as otherwise 
he may bring discredit not only upon himself but upon 
the group that he represents.—Dexter S. Kimball, in an 
address before a joint meeting of the Econometric So- 
ciety, the A.S.M.E., the A.I.E.E., and the A.S.T.M., at 
Chicago, June 1933. 
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Some Fuel and Compression-Ratio Tests 
By H. N. Stapleton’ 


EVELOPMENTS in tractors have followed many 

trends indicated by the automobile industry. 

Higher compression engines in automobiles are 
now quite well established. The possibility of adapting 
this same improvement to tractor engines has provoked 
considerable discussion, and it seems desirable to adapt 
field tests to standard models to obtain a measure of 
the effectiveness of the improvement. 


If, in agricultural use, engines operated at maximum 
or near maximum power as would be possible with a 
fixed load, block tests could be depended upon to show 
expected performance. Field work with agricultural 
machinery imposes a decidedly varying load. It is 
desirable to subject the tractor engine on test to those 
field conditions to determine whether the engines can 
satisfactorily approach the economies indicated by 
their performance under more desirable loading. Part 
loads need particularly to be investigated since in field 
use considerable allowance for overload is required. 
If these conditions can be met satisfactorily, fuel price 
can then be the factor which will more decisively 
determine the engine for a particular use of tractor 
power. 

Any field condition, however, introduces a number 
of variables in addition to those already present in the 
engine itself. By testing the tractor completely equip- 
ped and providing a controlled loading, as is possible 
by the use of a belt dynamometer, a large number of 
these factors can be controlled so that somewhat uni- 
form and related results may be obtained. This data 


1Paper presented at a session of the Power and Machin- 
ery Division of the American Society of Agricultural Engi- 
neers during the 27th annual meeting of the Society held at 
Purdue University, June 1933. 


2Instructor, agricultural engineering department, Penn- 
sylvania State College, State College, Pennsylvania. 
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is of value in field tests since it provides something 
toward which to work. It also indicates, in a measure, 
the relation which the field tests might bear toward 
each other, and can be used in checking as the work 
proceeds. No field tests have been conducted as yet, 
but since the oil industry has recently standardized 
motor gasoline to a 68 to 70 octane rating, maintained 
either py cracking or by the addition of lead, these 
preliminary results seem of sufficient importance to 
report at this time. 

In tests conducted at The Pennsylvania State Col- 
lege, a standard Cletrac 15 tractor was used. The 
louvred sides and lower side pieces of the hood were 
removed to allow access to the carburetor and the 
magneto. The engine was a Hercules Model 00C-— 
four cylinders, 4x44, giving it 226.2 cuin of displace- 
ment. The magneto was equipped with a movable cam 
to which was attached a 7'4-in arm to allow adjust- 
ment of spark advance for best power. The carburetor 
needle valve carried a 2'%4-in disk for accurate adjust- 
ment necessary to give 97 per cent of maximum power. 
In addition to the air cleaner in the carburetor intake 
line was a Durley box equipped with a draft gage. 

Data was taken for performance curves using en- 
gine speeds of approximately 600, 800, 1000, 1250, 1500, 
and 1800 rpm. Any conditions of heating, deionation, 
or other difficulties were noted. The speed was taken 
at the tractor pulley. Engine speed was taken from 
the gear ratio between the pulley and the engine, and 
the dynamometer speed derived from a constant deter- 
mined at no load. Air temperatures were taken as the 
mean outside temperature since the engine should evi- 
dently not have credit for heating up its intake air. 
Water temperatures were taken in the upper tank of 
the radiator in the stream of the outlet from the engine 
block. Barometric pressures were taken at the U. S. 
Weather Bureau station at the beginning and at the 
end of each test. 

The values for horsepower, torque, and brake mean 
effective pressure were corrected for temperature and 
barometric pressure. The results from the Durley box 
were used only to check the air-fuel ratio. Thermal 
efficiencies were calculated as a check on the validity 
of the tests. 

The data obtained indicate that the improved per- 
formance from the higher compression ratios in the 
range tested is chargeable to a multiplied increase in 
efficiency. The first factor affecting ideal efficiency is 
of course the increased compression ratio. A second 
is the slightly higher air-fuel ratio which increased 
compression ratio seems to allow. Additional factors 
increase the percentage of ideal efficiency which be- 
comes actual so that the proportional increase in actual 
efficiency is much greater than the increase in com- 
pression ratio. These results check with the findings 
of those who have investigated through the entire range 
of compression ratios. 

Figs. 1 and2 show graphically the results of per- 
formance at the manufacturer’s rated speed for the 
engine. 

It seemed desirable to present the results in two 
ways: (1) comparison of all the heads operating on 
same fuel, and (2) comparison of each operating on 
the lowest grade fuel which could be used without 
detonation. This fuel for the medium head was found 
to be 18 percent of the kerosene by volume with the 
engine gasoline, with a resulting octane number of 56 
for the fuel. The governed speed of the engine seemed 
the most desirable one to use for these comparison 
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curves, and, also, the carburetor adjustment was for 
that speed. The use of one particular speed eliminated 
a tangle of curves such as came out of plotting the 
performance curve data for all the tests. 

In Fig.1 the effect of increasing the compression 
ratio with a good grade fuel may be noted. Both horse- 
power and fuel economy turn sharply from the values 
found for the low head. Serious waste of fuel occurs 
using a compression ratio as low as the standard one 
of 4.3, since one pays for a grade of fuel capable of 
producing more power. Converting to percentages, the 
4.8-hp difference becomes an increase of 17.5 per cent 
in available horsepower, while 20.6 percent more 
energy is produced from the same fuel. This is of 
interest for it changes the rating of the machine ac- 
cording to the tractor code as well as provides econ- 
omy in the use of fuel. 


It will be noted too that some attention must be 
given spark advance for satisfactory operation. The 
24-deg advance for best power with the 4.3 compres- 
sion ratio caused loss of power with the 5.1 compres- 
sion ratio and very serious detonation with the 5.9 com- 
pression ratio. In this regard, it will be noted from 
Fig.2 that all the limiting octane fuels required the 
same spark advance for best power. The standard head 
required some change of spark advance in going from 
one fuel to the other. One automobile manufacturer 
has recently added to his product a convenient means 
for such adjustment, naming it an “octane selector.” 
Improved performance in any modern engine from this 
same sort of adjustment is sufficient to warrant that 
the operator have knowledge of the effect of proper 
spark advance. Slight changes in present magneto 
and impulse starter equipment would facilitate the 
adjustment within the range required. 


From Fig. 2, taking the values of fuel economy for 
the 4.3 and 5.9 compression ratios, the difference of 
0.200 lb per horsepower-hour becomes an increase of 
21 percent in horsepower-hours per gallon. With a 
horsepower difference of seven, there is a 27 per cent 
increase in available horsepower. Cooler operating 
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temperatures, decreased dilution, and other desirable 
operating conditions also appear when the fuel is 
changed from kerosene to a good grade of gasoline. 
While the gasoline tax law applicable can increase the 
spread in price between the two grades of fuel, the 
tractor owner might readily find himself using the 
higher grade fuel at a saving. It is of interest to the 
manufacturer as well as the owner that a smaller power 
unit could be used for the same horsepower output. 


A County Land Terracing Program’ 


By W. H. 


PON being transferred from assistant agricultural 

engineer to county agricultural agent in this coun- 

ty (Jackson County, Alabama), where they had 
been without the service of a county agent for approxi- 
mately ten years, it seemed very apparent that along 
with the tenant system of agriculture possibly the great- 
est handicap under which the farmers of this county 
were laboring was that of poor soil caused by constant 
cropping in cotton with no check on erosion. 

With this in mind we felt that the most important 
project that could be taken up would be that of soil 
improvement. This soil improvement program was di- 
vided into two phases: First, the draining of the 
many fields in the Coosa Valley upon which crops 
were lost periodically due to poor draining; and, sec- 
ond, the terracing of the fields in the county with a 
grade of between three and fifteen per cent, which 
comprises most of the cultivated land in the county, 
and, third, the reforestation of the fields in the county 
of more than fifteen per cent grade. The second of the 
two phases of our soil improvement program was that 
of urging the planting of 'egumes to furnish nitrogen 
to the soil and replenish the humus content which had 
become almost completely removed from a large per 
cent of the fields. 


1From a talk before a meeting of the Southern Section of 
the American Society of Agricultural Engineers. 


2County agricultural agent, Jackson County, Alabama. 
Jun, A.S.A.E. : 


Gregory 


I believe that no county agent is able to get wholly 
away from individual terracing, but it has been my 
policy, wherever possible, to have farmers for whom 
the terracing is to be done, call in a group of their 
neighbors so that the county agent can teach them 
how to use the terracing level. We always try to com- 
pletely build at least one terrace at each of these group 
meetings. To date there has been held one or more of 
these method demonstrations in every community in 
the county, and there are now between 75 and 100 men 
in the county who understand the use of a terracing 
level. Now the main duty of the county agent is to 
help these men with particular problems, such as knolls 
in the middle of fields, and fields that have been plowed 
so as to form land laps. 

One feature of the terracing program which possibly 
some of us overlook is the stabilizing influence that it 
has on the county agent’s work. I know of nothing 
that makes as good an impression on an appropriating 
body as a well-terraced field where there has been a 
field cut up with gullies showing the effect of sheet 
erosion. In this time of economic stress our terracing 
programs have been invaluable. In continuing the ap- 
propriation in this county we feel that it has been 
of more value to the farmer than any one of the thou- 
sand things that the county agent is called upon to do. 
We will make it the most stressed phase of our work 
until every field in the county-between three and fifteen 
per cent grade is terraced. 
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Agricultural Engineering Digest 


A review of current literature by R. W. TRULLINGER, senior agricultural 
engineer, Office of Experiment Stations, U. S. Department of Agriculture. 
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LEACHING TESTS ON WATER-SOLUBLE WOOD PRESERVATIVES, C. Greaves 
(Canada Dept. Int., Forest Serv. Circ. 36 (1933), pp. 15, fig. 1). The 
results of four series of leaching tests with zinc chloride compared 
with sodium fluoride, crude oil followed by zinc chloride, copper sulfate 
followed by potassium ferrocyanide, and dinitrophenol are reported. 

It was found that if the results for zinc chloride are based on the 
chlorine determinations, zinc chloride and sodium fluoride when present 
in wood in the concentrations generally used in practice are very 
similar as regards their resistance to the leaching action of water, 
neither of them being very efficient. From determinations of both zinc 
and chlorine on the same pieces of wood, it is evident that the chlorine 
of zinc chloride is not as resistant to leaching as the zinc. The 
amount ieached out of the 3.65-in cubes is considerably greater than 
that for the 4-in cubes. A preliminary treatment of seasoned wood 
with crude oil before the usual treatment with zinc chloride is very 
effective in decreasing the amount of zine chloride leached out. The 
amounts of preservative leached from the 2-in cubes cut from the 
centers of the 4-in cubes are small and indicate that the formation 
of inso-uble copper ferrocyanide in the surface layers of wood is effec- 
tive in decreasing the amount of copper sulfate leached out. Dinitro- 
phenol appears to be quite resistant to leaching. The amounts lost by 
the cubes treated with dinitrophenol were approximately the same 
whether the leaching were continuous or intermittent. 


Power, LABOR, AND MACHINE COSTS IN CROP PRODUCTION, D. D. 
Smith and M. M. Jones (Missouri Sta. Res. Bul. 197 (1933), pp. 48, 
figs. 28). This bulletin presents the results of cost studies made with 
the object to determine (1) the power, labor, and machine costs of 
producing common farm crops; (2) how and why these items of cost 
vary; and (3) how these causes of variation in cost factors may be 
used in the selection of the most economical amounts of power, labor, 
and machinery for a given set of conditions. Data for this study 
were secured from a survey of 66 Linn County farms in 1931. 

The average annual cost of horse labor in 1930 was $67.31 for an 
average of 750 hours’ work. The average hourly cost of horse labor 
in 1930 was 9c, and varied from 20.3 to 5.4c. Feed constituted about 
two-thirds of the cost of horse labor. Thirty percent of the farms 
studied used both horse and tractor power. The average hourly cost 
of general-purpose 2-plow tractors in 1930 was 57c. These tractors 
did an average of 436 hours of work per year. Tractors operated less 
than 340 hours in general had overhead costs greater than operating 
costs. The depreciation rate on tractors varied from 8 to 21 per cent, 
depending on the amount of annual use. Total repairs throughout the 
life of a tractor averaged 24 percent of the first cost. 

The average hourly cost of horse labor on the horse-powered farms 
was 13 percent higher than on the horse and tractor-powered farms. 
Horse and tractor power were complementary and not competitive. On 
the average each tractor replaced four horses. The average yearly 
cost of farm machines was 13.4 percent of their cost when new. If 
interest is not considered, this cost is reduced to 10.4 percent. The 
maximum use of field machines on these farms was from 12 to 30 days 
per year. 

The depreciation rates on- machines, which were used a very limited 
amount per year, which had few moving parts, and which were con- 
structed mainly of iron and steel, did not vary significantly with the 
amount of use per year. The average depreciation rate on farm 
machines was 4.8 percent. Machines used the maximum amounts per 
year had the lowest daily cost. 

A group of farms using tractor power for all operations in produc- 
ing corn, except planting and a part of the cultivations, required ap- 
proximately one-half the number of man hours per acre as those farms 
using single-bottom plows and one-row cultivators. Power, labor, and 
machine costs per acre for producing oats were 46 percent higher 
where the oats were drilled than where sown broadcast. However, the 
yields when drilled were enough higher to give equal bushel costs. 
Power, labor, and machine costs per acre for producing wheat were 71 
per cent higher on those farms where the ground was plowed than on 
those farms where the wheat was drilled in disked cornstalk land. 
Power, labor, and machine costs amounted to 34 percent of the value 
of crops produced on these farms. 

The horse and tractor-powered farms were 61 percent larger than 
the horse-powered farms. The crop index was 100 on both horse- 
Powered farms and horse and tractor-powered farms. The larger farms, 
in general, made more efficient use of power, labor, and machinery 
than the smaller farms. For the type of agriculture and the equipment 
used on these farms, 80 adjusted crop acres per farm (approximately 
115 crop acres) will give as high a return per man as a greater number 
of acres. For the type of equipment used on these farms, 3 or 5 avail- 
able horsepower per man (5 or 6 horses per farm of 115 crop acres) 
seem sufficient to give maximum returns per man. 


THE STATE COLLEGE OF WASHINGTON EXPERIMENT FRUIT WASHER, 
H. L. Garver, H. J. Dana, and F. L. Overley (Washington Col. Sta. 
Bul. 285 (1933), pp. 28, figs. 8). This is a contribution from the station, 
the Washington Committee on the Relation of Electricity to Agriculture, 
and the engineering experiment station of the State College of Wash- 
ington. It describes the details of an experimental fruit washer. 

The machine is divided into five separate sections, each playing an 
important part in the washing process. The first section consists of a 
dump table and leaf eliminator, the second is a prewash section, and 
the third is the actual wash section equipped to permit the use of 
either rollers or underbrushes. The fourth section is an overbrush 
Tinse section, but it may be used for washing if desired. The fifth 
section is a final rinse in which the only operation is that of flooding 
water over the fruit, which rotates as it is carried along by the roller 
conveyor. 

The wash section of the machine is equipped with three electrical 
heating units of 5 kw capacity each. Each is controlled by its own 
switch. This arrangement aids in the control of the temperature of the 
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solution in the wash tank. Although this experimental machine is not 


. equipped with thermostatic control, it is considered advisable that such 


equipment be installed. 

Cost of operation tests showed that the power requirement for 
operating this small sized machine will not be in excess of 3 kw, even 
when full of fruit. Therefore a 3-hp motor will be sufficient to drive it. 
The three heaters are rated at 5kw each. Hence the total energy 
consumption will be about 18 kwh per hour with the entire electrical 
equipment in operation. The cost of electrical energy for operating the 
machine and heating the solution in the wash section will be 54c an 
hour (based on a rate of 3c per kilowatt-hour) when all the heating 
capacity is being used. A 

TESTS OF MULTIPLE FUELS IN AN INJECTION Motor [trans. title], 
M. Clerget (Compt. Rend. Acad. Sci. [Paris], 196 (1933), No. 22, pp. 
1645-1647). Tests are reported which showed that the admixture of 
ethyl alcohol with heavy fuel oil in an injection type internal-combustion 
engine resulted in the same power output as where gasoline was used, 
but at a considerably increased thermal efficiency. The use of the ethyl 
alcohol resulted in more complete combustion, as indicated by the 
composition of the exhaust. 


INFLUENCE OF ELECTRICITY ON PLANTS [trans. title], N. Aronovich 
(Elektrif. Seisk. Khoz., 2 (1932), No. 3, pp. 40-49, figs. 10). Experi- 
ments are reported on the effect of electricity on the growth of cabbage, 
tomatoes, and peppers in the field indicating an average increase in 
yield of 22 percent. The data are presented graphically and otherwise, 
but no conclusions are drawn. 


ARTIFICIAL DRYING OF Hay [trans. title], M. Evreinow (Elektrif. 
Selsk. Khoz., 2 (1932), No. 3, pp. 19-35, figs. 15). Graphic and other 
data are presented from experiments conducted in Russia on the drying 
of hay at low temperatures of from 30 to 36 degC to the point at 
which 80 percent of the moisture is removed. At this point the tem- 
perature is increased to 100 deg for final drying. It has been found 
that high drying temperatures constitute a fire hazard and also reduce 
the nutritive value of the hay. 


HYDRAULIC MACHINERY, D. W. Mead (New York and London: Mc- 
Graw-Hill Book Co., 1933, pp. X-+-396, pl. 1, figs. 202). The purpose of 
this book is to present technical information to assist practicing engi- 
neers in the selection, installation, operation, and maintenance of hy- 
draulic machinery. It contains chapters on energy, energy of motion, 
efficiency, duty, detailed analysis of energy losses, losses in various 
machines and appurtenances, power and transmission systems, pumping 
machinery—general conditions, direct-lift or bucket pump, reciprocating 
pumps, work in the cylinders of reciprocating pumps, the use of steam 
for pumping, centrifugal pumps, the air-lift pump, siphon, and the 
hydraulic ram. 


Two FORMS OF FULL DEPTH CONTROL WEIRS, J. R. Kiely (Wash. 
Univ. [Seattle], Engin. Expt. Sta. Bul. 71 (1933), pp. 34, figs. 16). 
Studies are reported the purpose of which was to determine the proper- 
ties of two groups of full depth control weirs. 

The first group consists of those weirs in which the water dis- 
charges freely from the orifice without backwater. This situation 
naturally demands a base coefficient C = 3.27. The second group con- 
tains those weirs of such form as to cause them to select a critical 
velocity with a base coefficient C — 3.09. The first group was found to 
have the advantage of greater discharge with a given opening and 
backwater, but the second group had greater inherent accuracy. 


Neither group was found to be suitable for measuring submerged 
flow, that is, flow with the downstream depth greater than two-thirds 
of the upstream depth. This was largely because of the turbulence 
and standing waves where depth must be measured below. 


SPECIAL FERTILIZER BOXES FOR PLAT WorkK, J. G. Lill (Jour. Amer. 
Soc. Agron., 25 (1933), No.1, pp. 84-86, figs. 4). In a contribution 
from the U.S.D.A. Bureau of Plant Industry, special fertilizer boxes 
are described which were built so that the fertilizer application rate 
could be varied from as low as 50 1b per acre to as high as 1,000 1b by 
relatively small intervals, depending upon the ratio of the sprocket 
wheels used that operated the mechanism and the opening of the 
fertilizer feed gate. These boxes are adapted only for plats ranging 
from 50 ft to approximately 500 ft in length. 


FARM STRUCTURES, E. R. Jones (Madison, Wis.: Author, 1933, pp. 
197+-[3], figs. 129). This is a popular treatise giving practical infor- 
mation on differential leveling; measuring distances; areas, angles, and 
topographic maps; tile drainage systems; control of surface water; 
farmstead, fields, and fences; capacity and requirements of buildings; 
concrete foundations and pavements; strength of frame _ structures; 


heating and ventilating; water supply and sewage disposal; and cost 
estimates. 


ANALYSIS AND DESIGN OF STEEL StRucTURES, A. H. Fuller and P. 
Kerekes (Ames, Iowa: Authors, 1933, pp. XIII+-451, pls. [2], figs. 
[381]). This is a handbook of information for structural engineers 
containing chapters on reactions, stresses in framed trusses, stresses 
in trusses for moving loads, beams, plate girders, design of steel roof 
trusses, industrial buildings, economic factors governing the propor- 
tions of simple span bridges, design of truss bridges, deflection of 
trusses and statically indeterminate structures, multistory buildings, 
and continuous frames and secondary stresses. 


TESTS OF SILAGE CuTTerRS [trans. title], G. Segler (Technik Landw., 
14 (1933), No. 6, pp. 134-138, figs. 8). Tests of four types of silage 
cutter and blower conducted at the Farm Machinery Institute of the 
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Prussian Agricultural Experiment Station are reported. Special atten- 
tion was given to the blower attachments. The crop was green corn 
with a water content of 77.4 percent which was cut into lengths of 
11mm (0.433 in). 

The cutting capacity increased with the speed of the knives. The 
power requirement for pressing the material into the throat was greater 
than for cutting. However the total power requirement increased in 
direct proportion to the speed. Also it was found that high speed ac- 
complishment is adapted to high elevation of the cut material and the 
use of high speed adjustments with low elevations wastes power. 

A special testing tower about 80 ft high was used for experiments 
with the blowers and the throwing or discharging blast in which ca- 
pacities varying from 1 to 2.5 kg (from 2.2 to 5.5 1b) per second were 
used. In these tests the diameter of the fan wheel was not so impor- 
tant, but the speed of the blades assumed considerable significance. 
Form and location of the blades were not important. However, the 
shorter blades placed in a radial manner gave the best results. 

It was found that the theoretical height of elevation is only approxi- 
mately proportional to the square of the velocity of rotation of the fan 
and becomes less so the greater the quantity of material moved and 
the consequent increased friction with the sides of the blower. 

In the interests of power economy it was found desirable not to 
exceed a wind velocity of 15m (49 ft) per second. 


THE BENEFICIAL EFFECT OF OXIDATION ON THE LUBRICATING PROPER- 
TIES OF OIL, R. O. King (Roy. Soc. [London], Proc., Ser. A. 139 
(1933), No. A 838, pp. 447-459, pl. 1, figs. 3). Studies of the properties 
of lubricating oils under conditions promoting oxidation of the oils are 
reported, these being conducted at constant speed and load. 

Friction was found to decrease as the temperature increased, and 
generally passed through a minimum value at a temperature somewhat 
less than that of seizure. Viscosity was observed to increase with 
oxidation, but the consequent increase of fluid friction was apparent 
at temperatures below 50 degC only, that is, when the fluid film was 
relatively thick. Friction at higher temperatures decreased with the 
progress of oxidation and seizing temperature rose. Thus after about 
60 hours of oxidation, minimum friction diminished to 0.00045 and 
seizing temperature exceeded 300 deg. The oil in a state of partial com- 
bustion remained an effective lubricant, friction being less than ever 
recorded for fluid friction even with air as the lubricant. A safe region 
of high temperature lubrication was attained, and the experiments with 
various oils showed that the extent of this region and the life of the 
oil depend on oxidation characteristics. Friction is due neither to 
viscosity nor to the action of the adsorbed layer. It is suggested that 
the active or polar molecules forme during the early stage of oxida- 
tion build up to an appreciable thickness on the adsorbed layer, and the 
friction observed is that on the surface of the built-up layer. The sur- 
face diminishes in rigidity in the direction of motion as the thickness 
of the boundary layer increases, and friction approaches zero as a 
surface of complete slip tends to be reached. 


ELECTRIC LIGHT ON THE FARM, R. B. Matthews (Internatl. Illum. 
Cong. Proc., 1931, vol. 2, pp. 1279-1297, figs. 18; Fr. abs., p. 1279; Ger. 
abs., p. 1280). This paper deals with practically every known use of 
electric light on the farm. 

In connection with lighting as a means merely of illumination for 
farm buildings and yards, data are given regarding the correct methods 
of illuminating the various farm buildings and the most suitable types 
of reflectors, and the like. Reference is made also to a method of 
lighting farm yards. 

The part relating to lighting as a direct medium of increasing the 
productivity of the farm deals fully with the methods employed and 
the advantages resulting from lighting the poultry laying houses during 
the winter months. The various methods of controlling the lights and 
providing a dim light are described, and data are given for determin- 
ing the number of lights and type of lamps needed to meet ideal 
poultry house requirements. The treatment of plant life by intensive 
illumination is discussd, and a table is given showing the best inten- 
«sities of light for making plants bloom and produce seed. Details of 
the author’s experiments to ascertain the commercial possibilities of 
intensive illumination are described. 

The latest development in the use of the ultra-violet rays for ir- 
radiating farm stock and foodstuff is described, and the results of some 
experiments in this connection are given. 


ARTIFICIAL ILLUMINATION IN THE GREENHOUSE [trans. title], K. 
Vogt (Internatl. Illum. Cong. Proc., 1931, vol. 2, pp. 1327-1333; Fr. 
abs., p. 1327; Eng. abs., p. 1328). An explanation is given of the influ- 
ence of light as a growth factor on plant growth, it being pointed out 
that, of the visible spectrum, plants need mainly the long-wave red 
rays and the short-wave blue rays. For this reason the electrical 
incandescent lamp is fitted for lengthening the natural day in winter. 

Comprehensive researches were carried out in a flower nursery on a 
large group of plants comprising begonias of the Lorraine type and 
hortensias. The first two series of observations gave for illuminations 
of 835 and 120 lux, lasting in each case 3 hours before sunrise, equally 
good improvement in growth. The two following investigations gave 
as the most favorable duration the value which lengthens the natural 
day to 12 hours. Fifteen hours of light was equally effective but less 
economical. With an illumination of from 100 to 150 lux and a pro- 
longation of the day to 12 hours of light, an appreciable increase in the 
net profit was obtained, as compared with the normal culture of 
begonias and hortensias. 


REPORT OF AN INQUIRY INTO CHANGES IN QUALITY VALUES OF FARM 
MACHINES, BETWEEN 1910-14 AND 1932, J. B. Davidson, G. W. McCuen, 
and R. U. Blasingame (St. Joseph, Mich.: Amer. Soc. Agr. Engin., 
1933, pp. 165, pls. 64, fig. 1). This report presents the record of the 
engineering development of 25 representative farm machines during the 
past 20 years. The inquiry on which the report is based was conducted 
by representatives of Iowa State College, Ohio State University, and 
Pennsylvania State College, at the request of the National Association 
of Farm Equipment Manufacturers, made at the suggestion of the 
nn ogy Bureaus of Agricultural Economics and Agricultural Engi- 
neering. 

The object of the inquiry was to appraise or evaluate the changes 
in design, material, or construction in farm machines made during the 
period 1910-14 to 1932, which in any way effect the value of the ma- 
chines to the user in accomplishing the purpose or work for which they 
were designed. The machines made during the 5-year period 1910-14 
were used as a base, or considered as having a quality value of 100. 

A detailed examination was made of 25 machines of 1932 in com- 
parison with similar machines of 1910-14 at the plants of three promi- 
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nent farm machinery manufacturers. In addition, chronological records 
of changes in machines, reports on elaborate and extended shop and 
field tests made to determine the results of these changes, and the 
findings and opinions of the engineers in question were secured, to- 
gether with data bearing on the reduction in the demand from farmers 
for certain repair parts after changes were made. In order to evaluate 
more accurately the effect of changes in the life and performance of 
the machines considered, accelerated tests of wearing parts were made 
and laboratory tests of many important typical parts, old and new, 
were conducted in the presence of the authors. 

It was found that the claims of the industry as to substantial 
improvements in the quality values of agricultural implements since 
the 1910-14 period were supported by a solid foundation of fact. The 
increased efficiency, durability, economy of operation, and the like, of 
each type of machine were evaluated as follows, using the corresponding 
quality values in the 1910-14 machine as a base (100): Grain binder 
170, cultivator 165, grain drill 140, farm engine (3-hp) 200, disk harrow 
190, peg-tooth harrow 130, spring-tooth harrow 140, hay loader 155, 
mower 170, corn picker 210, corn planter 155, tractor plow 190, gang 
plow 150, walking plow (l-horse) 140, walking plow (2-horse) 140, 
sulky rake 135, side-delivery rake and tedder 140, cream separator 145, 
corn sheller (power) 190, corn sheller (hand) 170, manure spreader 180, 
grain thresher 195, feed grinder 175, silage cutter (16-in blade) 215, 
and spraying machine (2-nozzle) 175. 

It was found that there has been a marked improvement in the 
lubrication of agricultural implements. The introduction of pressure 
lubricant feeding and fittings, oil seals, and dust covers has been a 
great factor in reducing wear. 

During the past 20 years materials used in the manufacture of farm 
implements have undergone many changes. The use of wood, chilled 
iron, and malleable iron, common in the prewar period, has been great- 
ly reduced. Iron and steel, brasses, bronzes, aluminum products, etc., 
in all their varied special use compositions are more widely used. 
Special characteristics in materials have been developed to withstand 
greater strains, to resist corrosion, to increase resistance to wear, or 
the like, for a given size or weight of part. 

Steels formerly used have been superseded by a fine graduated 
series of well-controlled carbon and alloy steels. Many small parts 
have been changed to die-cast metals. Bronze and white metals have 
superseded the brasses and lead-bearing metals. Even within the regular 
carbon steels the earlier Bessemer process has been replaced by the 
open-hearth process in order to gain certain advantages in strength, 
controlability, and other desirable properties. Corrosion-resisting metals 
are being introduced wherever practical. 

Heat treating, involving the installation of delicate heat-controlled 
equipment, has greatly increased the durability of many parts and 
made possible a product of uniform quality. Examples are heat-treated 
rake teeth, plow beams, bolts and capscrews, section knives, cultivator 
and plow disk, springs, chains, and numerous other parts which are 
now made of qualities not obtainable in the earlier period. The imple- 
ment industry uses cleaner steel than formerly, with the result that 
there is now less failure from defective material. 


OKLAHOMA WIND-ELECTRIC POWER, E. B. Kurtz (Okla. Engin. Expt. 
Sta. Pub. 10 (1931), pp. 14, figs. 7). The results of studies of a wind- 
electric power plant consisting of a windmill, geared generator, switch- 
board, and storage battery are reported. The windmill consisted of a 
two-blade aeroplane-type propeller 10 ft in diameter. The procedure con- 
sisted of taking observations of wind movement and of kilowatt-hours 
of electricity generated during the period when the windmill was free 
to run and charge the battery. 

The data on wind movement in relation to kilowatt-hours generated 
show that the plant can be expected to generate about 2 kwh for every 
100 miles of wind movement, or 0.02 kwh per mile of wind. As the 
velocity of the wind increased the electricity generated per mile of 
wind movement increased also. The most probable values seem to lie 
between 0.02 and 0.03 kwh per mile of wind. 

Data are also given on average monthly wind movements in Okla- 
homa over a period of 20 years, indicating a maximum wind move- 
ment of 14,005 miles in March 1917 and a minimum movement of 
5,654 miles in July 1923. 

The conclusion is drawn that a wind-electric plant has great possi- 
bilities in a state like Oklahoma. There should be no question about 
the adequacy of the plant to supply the lighting load on an average 
farm. In general it should also be able to supply electricity for wash- 
ing, ironing, toasting, cleaning, fans, and a small amount of small 
motor load, such as water pumping for household purposes. Beyond 


this there would be no assurance that electricity would always be avail- 
able. 


THE RELATIVE VALUES OF AUTOMOTIVE OILS, H. H. Langdon (Wash. 
State Col., Engin. Expt. Sta., Engin. Bul. 41 (1932), pp. 15, fig. 1). 
Laboratory and service tests are reported, together with practical infor- 
mation on the subject. Six different series of tests were conducted 
over a period from 1925 to 1932, and included approximately 9,400 miles 
of automobile operation and more than 800 hours of laboratory, har- 
vester, and tractor operation. The studies were confined mainly to the 
relative values of paraffin and asphalt base oils. 

It was found that the harvester and tractor engines showed a far 
greater rate of wear than the automobile and laboratory engines. Wear 
proceeded in the harvester engine seven times more rapidly than it 
would have occurred under laboratory conditions. Likewise in the 
tractor engine wear proceeded at 18 times the laboratory rate. This 
increased rate of wear can be explained by the severe dirt and dust 
conditions under which the tractors operate when compared to opera- 
tion under laboratory conditions. Wear increased with the dryness of 
the season. In the first part of the season when the ground was still 
damp from the spring rains, a relatively small wear occurred in the 
individual runs. In oil analysis procedure it was observed that high 
iron content in the individual samples was coincident with high alumina 
and silica content. 

The conclusion is drawn that to the consumer the so-called physical 
property tests of lubricating oils are of value chiefly for the purpose 
of identification and for making certain that the oils purchased are 
up to the manufacturer’s specifications. 

Viscosity tests are of value in adapting a lubricating oil to the 
needs of an engine and for the identification of oils, but do not neces- 
sarily indicate the lubricating value of an oil. A paraffin base oil, as 
a rule, maintains a more uniform viscosity with use than does an 
asphalt base oil. 

Distillation tests and flash and fire tests are useful for identifica- 
tion and refinery control, but it is doubtful if there is any direct 
relation between these tests and lubricating value. Cloud and pour 
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tests may be important for selecting oils to be used in extremely cold 
weather but are not a guide in determining lubricating value for normal 
operation. 

An oil testing high in carbon residue does not necessarily possess 
inferior lubricating properties. The tests indicate that oils with high 
initial carbon residue have shown superior lubricating ability, although 
the study would seem to indicate that there is no direct relation be- 
tween the two. The carbon residue test should be used only as a 
means of refinery control and identification. The tes:s would seem to 
indicate that other influences, such as leakage past the rings, were 
much more important in forming carbon deposits. 

Operation under dusty conditions, such as farm work, reveals the 
desirability of dustproofing such engines. In these tests excess wear 
due to dust reached as high as 2,000 percent, and consequently the 
comparative value of any lubricant was accordingly diminished. How 
ever, even in this case somewhat less wear was shown for the paraffin 
base oil. In the comparative tests, leakage and pumping losses were 
greater by as much as 6 percent with the asphalt than with the 
paraffin base oils. In automobile, laboratory, and field operation of 
the automotive engines used in these tests, an average of 54 per cent 
greater wear of the working parts took place with typical asphalt base 
oils than with typical paraffin base oils. 


TILE DRAINAG? IN THE ORCHARD, C. W. Ellenwood and J. T. McClure 
(Ohio Sta. Bimo. Bul. 163 (1933), pp. 95-100, figs. 2). A brief account 
is given of experience at the station on the drainage of orchards. Prac- 
tical information is given on proper procedure. 


INDIANA BIG TEAM HITCHES, P. T. Brown (Purdue Agr. Exten. Bul. 
196 (1933), pp. 8, figs. 12). Practical information is given on the use 
of big team hitches adapted to from 4 to 9 horses. 


A NEw USE FOR ELECTRICITY IN PLANT CULTURE [trans. title], J. O. 
Musso (Fortschr. Landw., 8 (1933), No. 12, pp. 272-274, figs.6). A 
brief account is given of a series of experiments conducted in Leningrad 
on the artificial strengthening of the electrical field over crop plants. 
Several different types of crops were used including especially oats, 
radishes, and spinach. 

It was found that only that part of an electrical field in intimate 
contact with plants has any influence on them. The electrical field 
between a charge wire netting and uninsulated soil was not changed, 
whereas it was strengthened when the soil was insulated and the 
charged wire netting grounded. 

By omitting the wire netting and connecting the batteries to the 
field through a condensor, a field of constant strength was obtained 
which hastened the flowering of oats and radishes by 12 days. The 
yields were larger in summer and smaller in the fall by use of a posi- 
tive soil potential than by use of a negative soil potential. 

The artificially created electrical field was especially effective during 
bad fall weather when the natural field was weak. 


SoIL EROSION INVESTIGATIONS AT THE WISCONSIN STATION (Wiscon- 
sin Sta. Bul. 425 (1933), pp. 55-58, figs. 2). The progress results of 
investigations at the soil erosion experiment station near La Crosse are 
briefly presented. These are conducted jointly by the station and the 
U.S.D.A. Bureaus of Agricultural Engineering and Chemistry and 
Soils and the Forest Service. 


THE DEVELOPMENT OF HAYMAKING MACHINERY, W. H. Cashmore and 
J. E. Newman (Empire Jour. Expt. Agr., 1 (1933), No.1, pp. 58-67, 
pls. 2). In this brief contribution from the Institute for Research in 
Agricultural Engineering of Oxford University, the development of the 
machinery used for haymaking is traced, and an attempt is made to 
show how haymaking practice changed as new machinery made new 
methods possible. An account also is given of the motor car hay sweep 
and haystacker, and of trials with the combine baler. 


ON THE BEHAVIOR OF SIPHONS, J. C. Stevens (Amer. Soc. Civ. Engin. 
Proc., 59 (1933), No. 6, pp. 925-944, figs. 10). Results of field tests of 
three siphons having nominal capacities of 100, 250, and 500 cfs are 
reported. Pressure gradients, as well as pseudo, and true energy lines 
are given. A simplified conception of the action of siphons is presented, 
involving an analogy to free flow and submerged orifices. There is also 
offered a method of comparing siphons by a standardized coefficient of 
flow and a standard expression for the efficiency of a siphon. 


HEAT TRANSMISSION THROUGH BUILDING MATERIALS, F. B. Rowley 
and A. B. Algren (Minn. Univ., Engin. Expt. Sta. Bul. 8 (1932), pp. 
{VII] + 106, figs. 63). This is a summary of the more important fea- 
tures of a research program on heat transmission through building 
materials conducted in cooperation with the American Society of Heat- 
ing and Ventilating Engineers. The main objects of this work were (1) 
to develop and build reliable apparatus for determining both the thermal 
conductivity of insulating materials and the overall heat transmission 
coefficients of built-up wall constructions; (2) to determine the proper 
thermal coefficients for the surfaces of materials, for air space con- 
struction, and for the materials themselves for use in calculating over- 
all heat transmission coefficients of built-up wall construction; and (3) 
to compare the results obtained by tests and by calculations and to 
determine the accuracy of the overall heat transmission coefficients 
obtained by calculation. 

Types of testing apparatus are described and data given on surface 
conductance as affected by direction of wind and conductance of air 
spaces. It was found that the thermal resistance of an air space gradu- 
ally increases as the thickness of the air space is increased, until a 
thickness of approximately 0.8 in is reached. After this the resistance 
of the air space remains practically constant regardless of its thick- 
ness. It was also found that for all practical purposes the surface 
coefficient as obtained for air flow parallel to the surface may be used 
when calculating heat flow through built-up wall sections, or at most a 
reduction of 15 per cent may be made. 

Different types of wall sections have been built up and tested by the 
hot box method to determine the overall coefficient of thermal conduc- 
tivity. About eighty of these tests are reported. This group includes 
frame, brick, tile, stone, concrete, cinder block, and several specially 
constructed walls. Both insulated and uninsulated walls were tested, 
and the thickness in some cases ran as high as 12 in. 

The tests with frame walls showed that the insulating value of the 
wall is progressively increased as better insulating materials are used 
for outside sheathing or plaster base, and that the method of applica- 
tion of the insulating material, as well as its insulating value, has an 


— effect upon the overall heat transmission coefficient of the 
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With insulation impervious to air it was found that walls with the 
insulation flanged between the studs were more satisfactory than where 
the insulation was nailed to the outside of the studs. If an insulating 
material is applied between the studs of a frame wall in such a way 
as to divide the air space into two parts, each at least an inch or 
more thick, the insulating value of the air space has been doubled. ‘lo 
realize this additional insulation due to the air spaces, care must be 
taken to prevent the passage of air from one space to the otuer. This 
air may filter through the materials or it may pass around them at 
top and bottom if they are not properly sealed. When te insulation 
is not sealed, tue warm air passes up on the ins.de cf tue wall, over 
the opening at tue top of tne insulation, and down on tne outs.de, thus 
carrying tue heat from the warm air space to the cold air space vy 
convection currents and eliminating the effect of the insulation. 

Tests with clay tiie waus suowed tnat in general tie efficiency of a 
tiie wail is increased oy breaxiug up tne air syaces and by eliminating 
any direct paths or tiie couneciions between tue two surfaces or tne 
wail. *The greatest improvemeut seeins to ve possible vy breaking up 
tae direct pacn tor wear wow. 

Cinder concrete showed lower heat trans.nission tnan gravel concrete, 
and suriace brick saowed a much higner coefficient of conductivity than 
the common yeliow ciay brick. It was found that in general tue con- 
ductivity ot uwvrous insulating materials varies directly witn density. 
kor the same material with all other conditions equal, this variation 
is usually a siraigat line. Other factors, such as moisture, arrange- 
ment and characier of the fiber, etc., may have a greater effect than 
density. Data aiso are presented on over-ali heat transmission coetti- 
cients determined by tests and by calculation for 19 different walis. 


PuBLic Roaps, [June 1933] (U. S. Dept. Agr., Public Roads, 14 
(1933), No. 4, pp. 57-724-12], figs. 8). ‘nis number of tnis periodical 
contains the current status of tederal-a.d road construction as of May 
31, 1933, and an article on The Michigan Financial Survey (pp. 57-12). 


THE THEORY OF WATER-LOGGING OF AGRICULTURAL LAND, D. Homer 
and W. Gardner, Utah Acad. Sci. Proc., y (1931-32), pp. 1-6, figs. 7; 
abs. in Utah Sta. Cire. 102 (1933), pp. 5, 6. In a contribution from 
the Utah Experiment Station, an attempt is made to define the term 
water-logged on the basis of hydrostatic pressure in the soil. It 1s 
pointed out that even though the soil is completely saturated, if the 
hydrostatic pressure is less than atmospheric, there would be no ten- 
dency for free water to stand in an open auger hole, and such a con- 
dition would not be designated as water-logged. 

An application is made to the special case of water entering con- 
verging strata of gravel giving rise to water-logging of the surface soil. 


FORECASTING WATER SUPPLY, G. D. Clyde. Civ. Engin., 2 (1932), 
No. 10, pp. 610-614, figs. 8; abs. in Utah Sta. Circ. 102 (1933), pp. 7, 8. 
In a brief contribution from the Utah Experiment Station, an account 
is given of the water supply forecasting procedure of the station on the 
basis of snow surveys in progress. Some data are presented indicating 
the relationship between snow cover and runoff as influenced by various 
environmental factors. 


EVAPORATING, CONDENSING, AND COOLING APPARATUS, E. Hausbrand, 
trans. by A. C. Wright, rev. and enl. by B. Heastie. London: Ernest 
Benn, 1933, 5. Eng. ed., rev. and enl., pp. XXI-+-23-503, figs. 53. This 
is the fifth English edition of this handbook which presents principles, 
formulas, and working data for use by engineers. 


! 

REINFORCED CONCRETE DESIGNERS’ HANDBOOK, C. E. Reynolds. Lon- 
don: Concrete Pubs. Ltd (1932), p. XIV-+298, figs. 51. This is a refer- 
ence book giving the essential data and methods for designing different 
types of concrete structures. 

Part 1 relates to engineering design principles and contains chapters 
on reinforced concrete engineering; loads; horizontal pressure due to 
earth and contained materials; bending moment and shearing force; 
framed structures; foundations; retaining walls and containers; bridges 
buildings, and other structures; concrete materials, mixes, and stresses; 
reinforcement; beams and slabs; shear resistance; columns; combined 
stresses; and specifications, quantities, and cost estimating. Part 2 
gives tabular data and examples, and part 3 is a description bibli- 
ography. 


IMPORTANCE AND PROSPECTS OF THE SMALL TRACTOR IN RURAL Do- 
MESTIC PURSUITS [trans title], C. H. Dencker and L. W. Ries. Schr. 
Reichskurator. Tech. Landw., No. 42 (1933), pp. 46, figs. 9. This is a 
presentation of practical information on the economic use of the small 
general-purpose tractor on small German farms varying from 12.5 to 
about 50 acres in size. It is based on a survey of power requirements 
and utilization on such farms in four German provinces and discusses the 
use of horses, oxen, and draft cows, as well as of the small tractor on 
a community basis, a custom basis, and an individuality owned and 
used basis. 


WATER MOVEMENT AND POROSITY OF SOIL AND THEIR RELATION TO 
Soi. CULTIVATION [trans. title], W. v. Nitzsch. Schr. Reichskurator. 
Tech. Landw., No. 41 (1933), pp. 97, figs. 46. This is a highly tech- 
nical report of studies conducted at the University of Leipzig on the 
dynamic relationships between water and soil and on the direct numerical 
expression of size and character of soil voids as components of soil 
structure. 

The results show that the movement of water in soil is primarily 
in the direction of the finest pores which are empty of water. The 
motive power for water movement is the result of an equalization of 
th dynamic relations between water and soil. The result of this phe- 
nomenon is a dynamically balanced distribution of water in the soil. 
Differences in the water content of soils in crumb structure do not 
result in complete equalization of the dynamic differences because the 
crumb structure fixes the water firmly within itself. Such water moves 
to adjacent crumb structure only under certain favorable conditions. 

The movement of free water occurs very rapidly in such a manner 
as to saturate uniformly the soil layers with which it comes in contact, 
this movement being more rapid in light soil than in heavy soil. The 
movement of capillary water is very slow and is the slowest in hygro- 
scopically moist soil. Apparently gravity does not influence the move- 
ment of capillary water. The capillary rise of ground water into the 
mulched surface of a normal arable soil is practically impossible. This 
condition can be corrected somewhat by rolling or subsoil packing. 
Tillage was found to increase the percentage of larger voids in soil and 
decrease that of the smaller ones. It was found that soils having an 


(Continued on page 32) 
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Efficiency vs. ‘‘Cost-Plus’’ 


GRICULTURAL engineers generally, as shown by 

contact among them, approve warmly the motives 

and objectives of the New Deal. Of methods and 
details some are (and more shouuld be) rather critical; 
not obstructively, but constructively. Such is the nob- 
lesse oblige of expert judgment. 

Not so much in the workings of the New Deal itself, 
but rather in its reaction on public thought (perhaps 
feeling would be the better word), there seems a ten- 
dency to turn away from the principles of efficiency. 
There is an effort to justify costs rather than reduce 
them. We have only to recall the orgies of “cost-plus” 
during the war and post-war period to realize the 
fallacy of putting a premium on inefficiency and waste. 

Regardless of the social philosophy or economic 
system which may be in vogue, it persists a fact that 
the nation which employs its labor and power most 
efficiently will have the greatest abundance of material 
blessings, plus the leisure to enjoy them and also to 
develop such spiritual values as its ethical leadership 
can inspire. If our work-week is to be limited to thirty 
hours, and our national income does not rise above 
fifty billions, there is every reason to let the thirty 
hours and fifty billion produce for us a maximum of 
food, shelter, education, and recreation. 

Among ourselves there is nu need to deny the silly 
accusation that engineers have made a god of efficiency. 
There may be need to decry abuse of :he word whereby 
it has been borrowed to justify low wages, long hours, 
and sharp practices. ‘there surely is need to impress 
the lay public with the desirability of meihods which 
at the same time can and should give the worker more 
for his labor and the consumer more for his money. 
We must combat the notion that wasteful production 
will cancel inequities of distribution. 

As the engineers of agriculture we must continue 
to insist that, pending restoration of purchasing power 
among the hungry, limited production of foodstuffs has 
all the more need for efficiency to leave a living mar- 
gin on lessened volume. We must cqually insist that the 
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industries which serve agricutlure cannot tuck in a 
charge for inefficiency along with their laudably in- 
creased labor costs. True prosperity can come only 
with volume of manufacture, and volume can grow 
only with increased consumer value. More efficiency, 
not less, is needed to break the vicious circle. 


If we construe the New Deal aright, it has discarded 
the concept of the consumer as merely a markei for 
production, and in its place has set up the idea of the 
consumer primarily important as such, with produc- 
tion existing merely to serve him. As a national com- 
posite, the consumer becomes a producer only to serve 
himself. Obviously, the more he produces the more he 
will have, and the more efficiently he produces it, the 
loss will be his drudgery and the greater his leisure 
for its enjoyment. 


Although he himself did not deliberately practice it, 
the farmer was the chief sufferer when the cost-plus 
era came finally to collapse in 1921. Lest history re- 
peat itself we should denounce the doctrine of price 
justification, and follow the proven path of cost-reduc- 
tion via efficiency as the sure way forward. 


Human Engineering Most Needed 


N HIS presidential address at ihe 27th annual meeting 
of the American Society of Agricultural Engineers 
last June, Mr. Charles E. Seitz said: “The suggestion 
has been made that this Socieiy found a section on 
human relations. I heartily endorse such a proposal. 
...’ Comment urging serious consideration of some 
such activity appeared in these columns in July. 
Secretary of Agriculture Henry A. Wallace, address- 
ing the American Associatio. for the Advancemeat of 
Science on December 29, 1933, uttered an indictment 
of engineers and scientists. Far from sharing the short- 
sighted complaint that modern science and engineering 
are to blame for our social and economic ills, he chided 
us rather for our omissions. At one point he said: 


“The men who invented our labor-saving machin- 
ery, the scientists who developed improved varieties 
and cultural methods, would have been bitterly dis- 
appointed had they seen how our social order was to 
make a mockery of their handiwork. I have no doubt 
they felt they were directing their talents to free man- 
kind from the fear of scarcity, from the grind of 
monotonous, all-absorbing toil, and from the terrors of 
economic insecurity. Things have not worked out that 
way.” 

Continuing, Mr. Wallace pointed out that sociolo- 
gists and economists (albeit through no inherent faulli 
of their own) had failed to keep social adjustment in 
step with technical progress. Paying tribute to the 
prophetic vision and capacity for creative planning 
possessed particularly by engineers, he urged that the 
base of engineering education and activity be broad- 
ened to include human relationships. He set up as an 
obligation on the engineering profession that it is duty 
bound to correlate scientific advances with their social 
implications, and to cushion the economic impacts of 
technical changes. He made it plain (though not in 
these words) that if one foot gets far ahead of the 
other, the body politic must be torn asunder. 


The distinguished support of Secretary Wallace 
should cause the suggestion of Past-President Seitz 
to be given earnest consideration. Let it be said once 
more that farming is unique in being both a business 
and a way of life, and that agricultural engineering, 
more than any other branch of engineering, deals with 
the family as a human unit. Therefore, this Society 
should take the initiative in the engineering of human 
relationships. 
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William Nicholas Rumely Elected an Honorary Member 


N ACCORD with a policy which 

is as old as the organization it- 

self, — namely, extending mer- 
ited recognition to persons who 
have rendered outstanding service 
in the field of engineering as ap- 
plied to agriculture,—the American 
Society of Agricultural Engineers 
last month elected William Nicho- 
las Rumely an Honorary Member 
of the Society. Mr. Rumely’s field 
of engineering activity as it relates 
to agriculture has been chiefly in 
the development of threshing ma- 
chines, steam traction engines, clo- 
ver hullers, pneumatic stackers, etc. 


Mr. Rumely was born at La 
Porte, Indiana, March 20, 1858. His 
father, Meinrad Rumely, was the 
founder of the company bearing 
his name, which was established 
at LaPorte in the early fifties. This 
company was one of the pioneers 
in the manufacture of threshing 
machines and steam traction en- 
gines, and was recognized in its 
day as one of the leading manufacturers of this type 
of equipment. 

Mr. Rumely received his early education in a private 
school and later, from 1868 to 1873, attended the pre- 
paratory school at Notre Dame University. From 1874 
to 1878 he was tutored by a Mr. Blomquist, who at that 
time was chief engineer of the Lake Shore and Michigan 
Southern Railroad (later the New York Central), and 
who was stationed at LaPorte. This work covered 
chiefly mathematics and mechanical drawing. From 
1878 to 1879 he took special work in machine design 
under Professor McCord at Stevens Institute. 

During the four-year period, from 1874 to 1878, Mr. 
Rumely served an apprenticeship in the machine shop 
of M. & J. Rumely. After the special work in machine 
design which he received at Stevens Institute, he re- 
turned to again engage actively in his father’s business 
at LaPorte. In 1881 he was appointed superintendent 
and engineer, a position which he held until 1886. Dur- 
ing this six-year period his achievements include sev- 
eral designs of threshing machines, steam traction 
engines, and clover hullers. At this point it is interest- 
ing to note that, during a period of nearly thirty years, 
1883 to 1910, twenty-seven patents were granted to 
Mr. Rumely on various kinds of agricultural equip- 
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ment, including threshing ma- 
chines, clover hullers, internal- 
combustion tractors, friction 
clutches, steam boilers, steam 
traction engines, and pneumatic 
stackers. 

In 1886 he was appointed vice- 
president of the company which 
his father organized, and served 
in that capacity until 1904. In that 
year he was elected president of 
what then had become known as 
the M. Rumely Company, and dur- 
ing the nine years following, in 
addition to his other activities as 
head of the company, played a 
prominent part in the engineering 
development of a line of oil-burn- 
ing tractors, known as the OilPulls, 
for which this company was well 
known. In 1912 he resigned as 
president of the company to de- 
vote his attention to other interests. 

In 1911 he acquired and be- 
came president of the machine 
business of the McDowell-Stocker 
Company of Chicago. In 1913 he 
organized, and still operates, the La Porte Foundry 
Company. In 1918 the McDowell-Stocker Company was 
consolidated with the H. A. Stocker Machinery Com- 
pany to form the present machinery company, namely, 
the Stocker-Rumely-Wachs Company, of which Mr. 
Rumely was made president, and which position he 
still holds. In 1918 he acquired the controlling interest 
in the Long and Allstatter Company of Hamilton, Ohio, 
builders of heavy machine tools, and served as presi- 
dent of this company for a ten-year period, 1918 to 
1928. 

Mr. Rumely was elected to full membership in the 
American Society of Mechanical Engineers in 1885 and 
in the Franklin Institute in 1895. His record of mem- 
bership in both organizations has remained unbroken 
since his election to them. 

Mr. Rumely is one of a comparatively small group 
of sturdy individuals, who during the eighties and 
nineties pioneered the application of mechanical power 
to farming operations. The American Society of Agri- 
cultural Engineers welcomes the opportunity to honor 
Mr. Rumely as one of the early “agricultural engineers,” 
and the Society is honored in having him accept hon- 
orary membership therein. 
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Program of North Atlantic Section 


of the rural electrification, farm 
structures, land reclamation, and 


HE North Atlantic Section of 
the American Society of Agri- 
cultural Engineers will meet at 
Harrisburg, Pennsylvania, January 
17, 18, and 19. The headquarters 
for the meeting and the sessions 
will be at the downtown Y.M.C.A. 
at North and Front Streets. 
The technical sessions of the 
meeting will open on Wednesday 


afternoon, January 17, with three 
papers: one on fruit washers and 
spray residue removal by B. A. Jen- 
nings of Cornell University, one on 
tefrigeration on the farm by Terry 
Mitchell of the Frick Company, and 
another on soil erosion control by 
S. P. Lyle of the U. S. Department 
of Agriculture. The evening will 
be devoted to round table sessions 


farm machinery groups in attend- 
ance at the meeting. 

At the sessions on Thursday, 
January 18, the following technical 
papers will be featured: ‘Engineer- 
ing for Land Drainage in the Bal- 
kans,” by Fred W. Knipe, agricul- 
tural engineer of the Rockefeller 
Foundation; “Air Conditioning of 
Farm Buildings,” by A. J. Offner, a 
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consulting engineer of New York 
City; “The Relation of Power in 
the Movement for Companionship 
of Industry and Agriculture,” by 
W. R. Woolrich of the Tennessee 
Valley Authority; “Farm Fires — 
Their Prevention and Control,” by 
J. C. Wood of James M. Castle, Inc., 
and “Thermostats and Their Appli- 
cation in Agricultural Fields,” by 
Geo. R. Townsend of the General 
Electric Company. 

The annual dinner of the Sec- 
tion will be held Thursday evening, 
the principal feature of which will 


AGRICULTURAL ENGINEERING 


be an address on the “New Deal,” 
by Ed. S. Bayard, editor-in-chief of 
the Pennsylvania Farmer. 

The technical part of the meeting 
will close with a forenoon session 
on Friday, January 19, which will 
be featured by papers as follows: 
“The Mechanics of Plow and Trac- 
tor Hitches,” by A. W. Clyde, Penn- 
sylvania State College; “Lightning 
Protection for Farm Buildings,” by 
W. H. McCullough, field inspector of 
the Underwriters’ Laboratories; and 
“Diesel Motors,” by C. R. Johnson 
of the Caterpillar Tractor Company. 


Nominations for 1934-35 A.S.A.E. Officers 


HE candidates placed in nomin- 

ation for the annual election of 

officers of the American Society 
of Agricultural Engineers have 
been reported by the Nominating 
Committee, consisting of E. W. Leh- 
mann (chairman), W. G. Kaiser, 
and S. P. Lyle. The election will 
be held early this year and the 
newly elected officers will begin 
their terms of office at the close of 
the annual meeting of the Society 
in June. 

The by-laws of the Society pro- 
vide that thirty days shall be al- 
lowed for additional nominations 
by special nominating committees. 
At the expiration of this period (on 
February 20) the Secretary of the 
Society will mail letter ballots to all 
voting members. 

The following is the list of can- 
didates placed in nomination by the 
Nominating Committee: 


For PRESIDENT 


Glenn W. McCuen, professor of 
agricultural engineering, Ohio State 
University. 


For First Vicke-PRESIDENT 
Albert W. Lavers, chief engineer, 
tractor division, Minneapolis-Moline 
Power Implement Company. 


Recognition for Ohio 


PARTICULARLY appropriate 

way in which to express ap- 

preciation for an outstanding 
service was chosen recently to ac- 
cord merited recognition to the de- 
partment of agricultural engineer- 
ing at the Ohio State University for 
its splendid contribution over a 
period of years to the advancement 
of agriculture. 

On December 12 and 13 the Ohio 
Implement Dealers’ Association held 
its eighteenth annual convention in 
Ives Hall at Ohio State University. At 
noon on December 12 the Columbus 
Implement and Tractor Club gave a 
complimentary luncheon at the Fac. 
ulty Club on the University campus 
for members of the department of 


Charles P. Tobin, educational di- 
vision, The Celotex Company. 


For TREASURER 


Raymond Olney, secretary of the 
Society. 


For CouNCILLOR 


Rudolph H. Driftmier, professor 
of agricultural engineering, Univer- 
sity of Georgia. 

W. C. Harrington, extension agri- 
cultural engineer, Massachusetts 
State College. 


Byron B. Robb, professor of agri- 
cultural engineering, Cornell Uni- 
versity. 


For NoMINATING COMMITTEE 


Cc. I. Gunness, professor of agri- 
cultural engineering, Massachusetts 
State College. ~ 

F. N. G. Kranick, engineer, J. I. 
Case Company. 


Dan Scoates, professor of agricul- 
tural engineering, A. and M. College 
of Texas. 


R. W. Trullinger, senior agricul- 
tural engineer, Office of Experiment 
Stations, U. S. Department of Agri- 
culture. 


H. B. Walker, professor of agri- 
cultural engineering, University of 
California. 


Agricultural Engineers 


agricultural engineering, the dean 
of the college of agriculture, the 
president of the University, officials 
of farm equipment companies, and 
many others. During the luncheon 
the president of the Columbus Im- 
plement and Tractor Club, on behalf 
of that organization and the Ohio 
Implement Dealers’ Association, 
presented a beautiful bronze plaque 
to the president of the University 
for the department of agricultural 
engineering, in recognition of the 
work which the department has 
done for agriculture and for agri- 
cultural machinery. This plaque 
will be placed in Ives Hall, the cen- 
ter of agricultural engineering ac- 
tivities at the University. 


About ASAE Members 


H. J. Barre, J. B. Davidson, and 
Henry Giese; agricultural engineers, 
Iowa Agricultural Experiment Sta- 
tion, are authors of Bulletin No. 203, 
entitled “What Determines’ the 
Length of Life of Prepared Roll 
Roofing?” recently issued by that 
station. 

J. B. Davidson and Henry Giese, 
agricultural engineers, Iowa Agri- 
cultural Experiment Station, are 
joint authors of Bulletin No. 302, 
entitled “The Design and Construc- 
tion of Masonry Water Supply 
Tanks,” recently issued by that sta- 
tion. 

John E. Nicholas, associate pro- 
fessor of agricultural engineering, 
Pennsylvania State College, is one 
of the authors of Bulletin No. 296, 
entitled “Electrically Heated Dairy 
Utensil Sterilizers,” recently issued 
by that institution. 


Members 


New ASAE 


E. M. Dieffenbach, assistant me- 
chanical engineer, Division of Me- 
chanical Equipment, Bureau of 
Agricultural Engineering, U. S. De- 
partment of Agriculture. (Mail) 
P. O. Box 429, Albany, Georgia. 

Benjamin R. Ellis, trade extension 
manager, Southern Cypress Manu- 
facturers Association, Barnett Bank 
Building, Jacksonville, Florida. 

Melville Monroe Johns, agricul- 
tural engineer, Virginia Electric 
and Power Company, Richmond, 
Virginia. 

Ray Clifford Noll, secretary, 
treasurer, chief engineer, and gen- 
eral manager, Whiterock Quarries, 
Bellefonte, Pa. (Mail) Pleasant Gap, 
Pa. 

Clarence Bentley Richey, rate- 
setter, David Bradley Manufacturing 
Works, Bradley, Ill. (Mail) 491 S. 
Dearborn Ave., Kankakee, Il. 

Transfer of Grade 

Clesson Turner, agricultural engi- 
neering specialist, extension ser- 
vice, University of Maine, Orono, 
Maine. (Mail) 22 Myrtle St. 


Applicants for Membership 


The following is a list of applicants for 
membership in the American Society of Agri- 
cultural Engineers received since the publica- 
tion of the December issue of AGRICULTURAL 
ENGINEERING. Members of the Society are 
urged to send information relative to applicants 
for consideration of the Council prior to elec- 
tion. 


George W. Curtis, district man- 
ager of sales, Timken Roller Bearing 
Company, 715 N. Van Buren St., 
Milwaukee, Wis. 

Gerald E. Ryerson, agricultural 
engineer, Soil Erosion Service, U. S. 
Department of the Interior. (Mail) 
Federal Building, LaCrosse, Wis. 
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